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The Progress of Science 


A Solar Furnace 


WHEN energy from the sun is mentioned most people will 
think immediately of steam engines driven by the sun’s 
heat, and indeed most of the attempts of the last hundred 
years to harness solar energy have aimed at the production 
of mechanical power through heat engines. Such was 
Mouchot’s machine which produced about one horse- 
power from a 20-square-yard reflector at the Paris Exhibi- 
tion of 1818, and several similar engines, ranging up to 
50 horse-power, were later used in Egypt, Australia and 
Mexico to raise water for irrigation. 

But we use energy for other purposes than the provision 
of mechanical power. In particular we use it for heating. 
The temperatures involved in melting some of the metallic 
oxides range from 2000 C. upwards, and it now appears 
that the production of such high temperatures presents 
a most promising field for the direct utilisation of solar 
energy. In fact, the earliest attempts to use the sun’s 
energy were directed along these lines. The legend that 
Archimedes used mirrors to set fire to enemy ships is 
doubtless talse, but coming to the more sober fact of 
modern times, Lavoisier used a burning-glass in 1772 to 
burn a diamond, and hence to prove the chemical identity 
of diamond and carbon. Lavoisier reached a temperature 
of 1750°C., the melting-point of platinum. During the 
next generation the burning-glaSs remained an important 
instrument of research, but after that the discovery of other 
sources of high temperatures, such as the electric arc, 
diverted attention into other channels. 

Only in the last few years has the sun been reconsidered 
as a source of high temperatures. Nevertheless it appears 
to offer very great advantages for this purpose. The average 
solar energy reaching ground level may be taken roughly 
as 0-08 watts per square centimetre. By means of para- 
bolic mirrors we can concentrate this energy about 50,000 
times, giving some 4,000 watts per square centimetre, and 
it can easily be shown that energy falling on a black oody 
at this rate would raise its temperature to over 5,000°C. 
Furthermore, if this energy is being used to melt a sub- 
Stance or promote a chemical reaction, the efficiency will 
be about 70°<.—whereas in using heat energy to produce 


mechanical power, the ideal is about 35°, and the figure 
actually attained in solar steam engines is some 5—10%. 
Other sources of heat will give as high temperatures as 
will concentrated sunshine, but they generally have other 
disadvantages. Using the arc, it is impossible to isolate the 
substance being heated from contamination by the material 
of the electrodes. Bombardment by cathode rays imposes 
the condition of work in a vacuum. But with solar heat 
the conditions are open to greater choice—for example, by 
working in a quartz vessel (which absorbs very little of the 
solar energy) it is possible to heat a substance in a vacuum 
or in any atmosphere chosen for the conditions of the 
experiment. 

In 1946 a solar furnace was set up at the Meudon 
Observatory near Paris, making use of mirrors of 2 metres 
diameter and 85 centimetre focal length. The mirrors 
were originally intended for searchlights, but their optical 
quality proved not good enough. With these mirrors 
temperatures of about 5,000 C. should be obtainable. 
In a test, the sun’s rays were concentrated on graphite, and 
a pyrometer recorded a temperature of over 3,500°C., 
but at that temperature the graphite was subliming. In 
other words the supply of energy was enough to provide 
a high temperature, but the sublimation kept it down to 
3,500°C. (just as the evaporation of water when boiling 
keeps its temperature at 100°C., no matter how powerfully 
it is heated). So far the apparatus appears to have been 
used only to show its paces; melting a number of refractory 
metallic oxides and their mixtures, such as thoria, which 
melts at 3,000°C., zirconia (2,680°) and lime (2,580°), and 
observing their behaviour as they melt. 

Investigations have also been made on the possibilities 
of using the furnace for the synthesis of nitric oxide. 
The synthesis of nitric oxide is a first step towards pro- 
ducing nitrate fertilisers from the atmosphere—one of the 
industrial techniques on which the whole of modern 
ctvilisation depends, since natural nitrates are nearing 
exhaustion. If a mixture of nitrogen and oxygen is raised 
to a high temperature, some molecules of nitrogen and 
oxygen will always be combining to form nitric oxide, 
while some nitric oxide molecules will be breaking down 
again into oxygen and hydrogen. At each temperature an 
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equilibrium is reached, such that a certain percentage of 
the mixture consists of nitric oxide. The higher the 
temperature, the more nitric oxide. Thus at 3,000°C., the 
mixture contains about 95°, nitrogen and oxygen, and 
5°. nitric oxide. In two commercial processes a mixture of 
oxygen and nitrogen (in fact, atmospheric air) 1s blown 
through an electric arc, which raises the temperature and 
produces a just proportion of nitric oxide. The gas 
mixture is then quickly cooled to prevent the nitric oxide 
from breaking up again (as it would with slow cooling). 
The experiment has been tried of substituting the solar 
furnace for the electric arc. The results obtained were not 
so good as for the arc processes, but they were near enough 
to justify the hope that with an improved apparatus the 
new process might be economically successful. 

Probably for some time to come the solar furnace will be 
used mainly as a research tool. But Felix Trombe (who has 
written on the subject in Research, June 1948, pp. 393-400) 
believes that it will find application in  industry—for 
example, where melting of very refractory substances 1s 
required. Industrial production would need apparatus on 
a much larger scale and it would not be possibie to produce 
parabolic mirrors of the required size, but it is possible to 
work almost equally well with assemblages of small plane 
mirrors grouped in parabolic shape. 


The Most Sensitive Detector of Light 


EXPERIMENTS have shown that the human eye has a sensi- 
tivity very close to the ultimate theoretical limit. It ts 
far more sensitive than any photoelectric cell. Interesting as 
this fact is in itself, its implications in connexion with the 
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quantum theory of radiation, on which the whole of 
modern physics is based, are of fundamental importance. 

The first indications of this remarkable sensitivity were 
obtained by the American astronomer H. D. Curtis ip 
1901. He found that if an observer is placed in a dark 
room having only a very small opening to the night sky 
he can see with the naked eye stars of magnitude 8-5 on 
the astronomical scale of brightness. The illumination 
produced by such faint stars is one hundred million million 
times less than that produced by the sun. The special 
observing conditions are necessary Owing to the familiar 
phenomenon of adaptation; the sensitivity of the eye varies 
with the amount of light falling on it, and in the open sky 
the brightness of the other stars prevents it from becoming 
completely “dark-adapted” and thus reaching its maximum 
sensitivity. 

Recently careful laboratory experiments have been made 
to determine what is the smallest amount of energy which 
can give rise to the sensation of light. The observer, seated 
in a darkened cubicle, fixes his gaze on a small and dim red 
light which simply ensures that his eye is in the same 
position throughout the experiment. Flashes of light of 
known intensity are then made to enter his eye at an angle 
so that they fall on the most sensitive part of the retina. 
The energy in the flash of light is varied by a second experi- 
menter and the observer has to state whether or not he 
sees it. The first conclusion that emerges from a considera- 
tion of the results of this kind of experiment is that there 
is no sharply defined energy above which the flash is always 
visible and below which it is never. seen. 

Suppose, for the sake of argument, we consider the 
energy content of flashes which, in a number of trials, are 
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It is estimated that solar energy used in an engine with an efficiency of 10°¢ would 


be competitive with other power sources, and this efficiency has been reached in small experi- 

mental power units. This large solar power plant, was erected near Cairo before the 1914-18 

War and was used for some time for irrigration purposes: the sun’s rays were roughly focused 

on boilers, and as in the new solar furnace developed in France the heat was concentrated by 
mirrors. 
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Fig. 2.—In many of 
his experiments Lav- 
oisier relied on the 
burning-glass to heat 
materials. With this 
large lens he suc- 
ceeded in reaching 
the melting-point of 
platinum. 

















seen six times out of ten. The figures for this energy vary 
amongst different individuals and they vary, too, for one 
individual on different days, but the average value for light 
of the wavelengths to which the eye is most sensitive is 
10-'® ergs (/.e. Sa ergs)*. 

According to the quantum theory of radiation, light is 
not emitted or absorbed continuously but in packets or 
guanta, each quantum of a particular radiation having a 
particular energy. The quanta of the light used in these 
experiments had an energy of 3°84 = 10°'* ergs (ie. 

3-84 
1,000,000,000,000 
fall on the eye for there to be a 60%, chance of their being 
seen. Of these 100 quanta, some are reflected from the 
Outer surface of the eye, some are absorbed in the lens and 
the media of the eye, and some pass through the retina to be 
absorbed in the black pigment which lies behind it. Only 
those which are absorbed in the optic nerve endings, 
known as the rods, can be effective in stimulating sensation. 
Taking these losses into account, the result of the experi- 
ments is that only between 5 and 14 quanta need to be 
absorbed by the rods to produce a sensation of light. Since 
it is physically impossible for an amount of energy smaller 
than that of one quantum to be absorbed it is clear that 
we are remarkably close to the theoretical limit. 

As an illustration of the extreme smallness of the 
minimum energy necessary for vision it has been calculated 
that the mechanical energy of a pea falling through a 
height of one inch would, if transformed into light, be 
Sufficient to give a faint impression of light to every man 
that ever lived. 

Let us return to the observation that there is no sharply 
defined lower limit to the eye’s sensitivity. The experi- 
ments show that as the energy in the flash is increased so 


about 4 


ergs); so that about 100 quanta had to 


* An erg is the amount of energy expended in raising a weight 
of one gram through a distance of one hundredth of a millimetre. 


the chance of seeing it increases, slowly at first and then 
more rapidly; chance gives way to certainty only after an 
energy content is reached that ts far above that at which 
six Out of every ten flashes are seen. How can this result be 
explained. Can it be due to chance variations in the actual 
sensitivity of the eye; can it be that sometimes one quantum 
is sufficient to stimulate the rods, while at others as many as 
12 or more quanta are required? Closer examination of the 
evidence shows that this cannot be the case, and in fact 
it proves to be physically impossible to supply the eye with 
a series of stimuli containing exactly the same number of 
quanta, however carefully the experiment is devised. 

The reason for this lies in the quantum nature of light. 
Suppose a flash of light containing 100 quanta passes 
through a medium which has a transmission factor of 50°,: 
that means that ov an average 50 quanta will be absorbed 
and 50 will be transmitted. But for anv particular flash 
the proportion ts unlikely to be exactly 50:50. The 
probability of absorption for each individual quantum 1s 
quite independent of what happens to the other quanta, 
just as the chance of getting a head on tossing a coin is 
independent of the results of other tosses. Similar rules 
govern every stage from the generation of the quanta by 
the light source, their passage through the apparatus and 
entry into the eye, to the final act of absorption by a 
molecule of the photosensitive substance in the nerve 
ending. Consequently, when we think we are supplying 
a constant stimulus of, say, 6 quanta the actual numbers in 
different flashes may vary from zero to about 15 although 
the average content of a large number of flashes works 
Out at 6. 

Calculations show that the inevitable physical fluctua- 
tions in the stimuli are quite sufficient to account for the 
Whole of the apparent variability of the threshold value, 
and indeed it 1s possible to obtain from a theoretical analy- 
sis of the variability a striking confirmation that the true 
physiclogical threshold is about 6 quanta. 

Much of the recent work on eye sensitivity has been 
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carried out by Dr. M. H. Pirenne—a physicist who has 
performed the remarkable feat of turning into a physiolo- 
gist—and the semi-popular book of his, Vision and the 
Eve, which has just appeared in the Pilot Press **Frontiers 
of Science” series can be confidently recommended to all 
who want further information about this subject. 


Biological Control by Ants 

Few people at first sight would rank ants as beneficial 
insects, rather the reverse. Further thought on the part 
ants play in helping to preserve the balance of nature in 
particular animal communities leads to a revision of that 
first snap judgment, and one begins to realise that the 
activities of ants are not disadvantageous to man. This 
was brought home to us when we read a paper in a German 
entomological journal which described a scheme that was 
developed to control insect pests in forests with the aid of 
the Wood Ant (Formica rufa), the species which builds the 
conspicuous ant-hills that are a familiar sight in pine 
forests. The scheme was directed by Dr. K. Gosswald, 
and eventually wood ants as agents of biological control 
were employed over a large acreage of forest land in 
Germany. A large colony of these ants can kill as many as 
100,000 insects in a day, which gives one some idea of 
their potential value as living pesticides. 

The beneficial activities of the Wood Ant have long been 
recognised in Germany. As long ago as 1880 a Prussian 
law was passed forbidding the systematic destruction of 
the ant, this law providing for a fine of a hundred marks 
or one month’s imprisonment for anyone caught wantonly 
disturbing the nests or collecting the ant cocoons. A 
decree of March 1936 gave more recent protection to this 
species. 

Methods for introducing the Wood Ant into suitable 
areas for the purpose of controlling soft-bodied insect pests 
were suggested by D. Wragge Morley at the 1938 Inter- 
national Congress for Entomology held in Berlin. These 
methods he developed in a series of small-scale experi- 
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Fic. 3.—Section of the Eye. Of the light falling on 

the human eve, about 5°, is reflected by the cornea, 

50°. 1s absorbed by the lens and the ‘humours’ sur- 

rounding it. About 35°, passes through the retina and 

is absorbed by the black pigment on the inner surface 

of the choroid. The remaining 10°, stimulates the 
sensitive elements of the retina. 
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ments in the orchards of Chivers near Cambridge, and 
several ant colonies were successfully introduced. The idea 
was carried a good deal further in Germany, where Dr. 
Gosswald developed a technique for mass breeding of 
female Wood Ants. 

A suitable ant-hill in the forest was enclosed in a cage 
of wire gauze sunk into the soil; each side of this had five 
openings at ground level which could be closed by means of 
metal slides. These slides were used as ‘queen includers’, 
being closed sufficiently to prevent the egress of the males 
and females when they hatched, though the workers could 
still pass in and out freely. In order to obtain a greater 
concentration of sexual forms in the nests which had been 
treated in this manner, Gosswald collected sex-pupae from 
other nests and placed them in or near the colony, and 
these were then taken into the nest by the workers of the 
caged colony. The ingress and egress of the ants was 
not controlled by means of the slides until the male and 
female pupae had hatched. 

When the males and females started to emerge from the 
pupae they were collected at brief intervals and transferred 
to a large glass vessel. The bottom of this vessel was cov- 
ered with a layer of plaster of Paris, and above this were 
placed layers of peat, the whole being kept moist by 
frequent dampening of the plaster. Pairing took place 
in this apparatus and after they had shed their wings the 
females were collected in batches of one hundred and placed 
in glass tubes for distribution. In this way up to 100,000 
fertile females were obtained from one caged nest in a year. 

These fertile females were then distributed in forest 
land where the Wood Ant already occurred, the area 
dominated by this species thus being gradually extended. 

No attempt was made in Germany to introduce the 
Wood Ant into districts where it was not already present, 
although its distribution in the north German forest lands 
was increased by many hundreds of acres by means of 
this technique. 

In China the use of ants to control pests was first re- 
corded in the thirteenth century when this method was 
used to such an extent that a special class of labourers 
called ant gatherers was recognised. As late as 1900 certain 
red and yellow ants (probably Polyrhachis) were collected 
by the hill men for sale to the people of the plains who 
used them to protect their orange trees from the ravages of 
a caterpillar. Ants were also used on a smaller scale by the 
natives to control some pests both in Java and Madras, 
while Tennent conducted experiments with the species 
known as Oecophylla smaradinga in an attempt to control 
the coffee bug in Ceylon. Tennent’s experiment had to be 
abandoned because of the fierceness of ants which attacked 
the natives so badly that they threatened to leave the 
estates. 

In an early stage of its war against the Cotton Boll 
Weevil, the United States Government made an attempt, 
which proved unsuccessful, to control its ravages by intro- 
ducing the ant Ectatomma tuberculatum. 


Substitutes for Oil Seeds 


DuRING the war German scientists investigated methods 
of utilising certain industrial and agricultural waste 
products as raw materials for the manufacture of fats and 
protein-rich foodstuffs, as these were in short supply. It 
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Fic. 4.—A colony of Wood Ants can destroy 100,000 insects a day and help to keep many pests in check. Herea 


group of Wood Ant workers are shifting a pupa. 


(Picture Post photograph by Raymond S. Kleboe.) 


Fic. 5 (inset) 


A Wood Ant nest. (Photo by Harold Bastin.) FiG 6.—The Wood Ant, Formica, defends itself by squirting formic 
acid at its attacker. This acid is so-called because of its association with the ant. (Picture Post photo,) 


has long been known that wood, straw, oat-hulls and the 
like can be broken down by acid treatment to give solu- 
tions rich in sugars, but unfortunately these are largely 
the wrong kinds of sugars, being pentoses (five-carbon- 
atom sugars) and not ordinary hexose sugars (with six 
carbon atoms to the molecule) like glucose and fructose. 
The pentoses are of very little use to man, who cannot 
digest them efficiently. Certain micro-organisms, however, 
possess suitable digestive ferments and can thrive on 
solutions of pentoses. Thecrop of yeast or mould grown on 
such media can be processed to give a protein-rich food- 
stuff which is nourishing to man or animals. Alternatively, 
and under different conditions, the micro-organisms can 
be induced to make and store fat, which can be extracted 
after harvesting the crop. In the ‘peak’ year of 1944, the 
Germans grew about 13,000 tons of yeast on sugar solu- 
tions produced by acid treatment of woud. Another raw 
material the Germans used was waste sulphite liquor 
from paper mills, which is quite valuable as it contains 
about 35° of fermentable sugars, and in the same year 
around 6000 tons of yeast was produced from this material. 
The food yeast manufactured went to the German army 
for human consumption (about half an ounce a day was the 
recommended ‘ration’) or for feeding horses. There were 
no very novel features in these processes, and readers will 
remember that Britain worked out details for the produc- 
tion of food yeast from molasses, and such production 
would have been promoted on a grand scale if the Germans 
had succeeded in their attempts to intensify the submarine 
blockade and cut our supplies of protein foodstuffs. 

The Microbiological Institute in G6ttingen made a 
systematic study of fat production by micro-organisms and 
found that strains of Nectaromyces reukaufti, a yeast 


that occurs in the nectar of flowers, were quite promising 
as fat formed about a third of the dry weight of the yeast 
and ‘wood sugar’ could be converted into fat with an over- 
all efficiency of about 15°,. From another laboratory 
where a mould called Oidium lactis was used, came a claim 
(based on data from pilot-plant operations) that 100 tons 
of crude straw should give 31 tons of utilisable sugar on 
acid treatment, from which 15 tons of dry mould would be 
produced. This amount of mould contained 5 tons of 
fat, and the residual 10 tons of material was rich in protein 
and suitable for use as fodder. An ingenious scheme was 
devised for the complete utilisation of all residues from the 
straw, so that another 35 tons of animal feeding-stuffs 
could be produced as well as 8 tons of high-quality lignin, 
for which the plastics industry has ready use. All these 
schemes require an adequate supply of some raw material 
to serve as the foodstuff for the organisms, which act as 
the agents for the conversion of one sort of food (mainly 
carbohydrate) into others of greater value. Like all 
‘middlemen’, the organisms require their commission, 
and it is inevitable that a large part of the raw material 
supplied is lost by the respiration of the organisms, as 
although part of the foodstuff acts as a ‘body-builder’, a 
large part has to be burnt to provide energy. Professor 
Harder at the Gottingen Botanical Institute had the bright 
idea of cultivating micro-organisms capable of photo- 
synthesis; these can be grown in simple salt solutions, and 
they acquire the carbon necessary for their protoplasm— 
and fat—formation from the atmosphere, energy to sup- 
port the process coming from sunlight absorbed by their 
chlorophyll (or other similar pigments). Certain fresh- 
water diatoms and strains of Chlamydomonas proved good 
fat-producers. 
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chromosomes may be distributed in the course of the cell 
divisions involved in the generation of pollen grains. 
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The best method of cultivating these algae in the 
laboratory involved the use of glass cylinders about two 
inches in diameter and three feet high, almost com- 
pletely filled with a culture medium consisting of a mineral 
solution containing some soil extract. The algae grew 
luxuriantly if the solution was well aerated, and in about a 
fortnight underwent a ‘fatty degeneration’ when the cells 
became packed with large fat globules. Preliminary 
experiments indicated that a system of spaced glass cylin- 
ders operated by daylight during the summer months 
should yield at least twice as much fat per unit area of 
culture medium as that obtainable with ordinary oil seed 
plants. It seems probable that artificial illumination would 
speed the process up and it should be possible to find more 
efficient strains of algae, so that the yields of fat should 
be capable of being raised many times. There is no informa- 
tion available yet concerning the composition or nutritive 
value of the fat so produced. It may be that the cost of 
labour and capital outlay necessary to work this process of 
fat production may be such as to make it uneconomical, 
but it would certainly seem desirable for pilot-plant work 
to be carried out so that the potentialities can be assessed 
more accurately. 
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Chromosomes off the Ration 


Most animal and plant species have a definite character- 
istic ration of chromosomes in their cells; in the nucleus 
of ordinary cells each chromosome appears twice, and the 
number of chromosomes making up the normal ration is 
called by geneticists the diploid number. For instance, 
among animals, the diploid number—2n—is 24 in man, and 
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40 in mice; among plants, maize has 20 chromosomes and 
rye has 14. Normally the chromosome number is constant 
in all body or vegetative cells. There is only a half ration 
or haploid number—n—in the germ cells, because of a 
special type of cell division which reduces the number of 
chromosome-pairs by a half prior to fertilisation. Some. 
times certain plants such as rye and sorghum have extra 
chromosomes. 

Recently the Swedish geneticist, Professor Arne Miint- 
zing of Lund University, found a strain of the grass Pog 
alpina in which there was a difference between the number 
of chromosomes in those cells of the anthers known as the 
pollen mother cells, and the number in the cells at the tips 
of the roots. In the latter, the number (the diploid number, 
of course) was 14. The number in the pollen mother cells 
was higher. Professor Mintzing found thirty-five plants 
with extra chromosomes—Professor Miintzing calls them 
accessory chromosomes—which were smaller and more 
spherical than ordinary chromosomes. Ordinary chromo- 
somes often show that they have split lengthwise into two 
parts (called chromatids); these extra chromosomes showed 
no signs of such splitting. 

Investigations of the reducing division in pollen mother 
cells already referred to show that after like chromosomes 
have come together in pairs the ordinary chromosomes 
then separate into two half-groups of seven while the extra 
chromosomes form up into groups ranging from two to 
eight, most often in even numbers. (See Fig. 7.) Extra 
chromosomes do not pair with the ordinary chromosomes 
but may do so among themselves. Then the groups of 
extra chromsoomes pass to, the daughter cells without 
dividing. At the next cell division they behave like normal 
chromosomes and divide regularly. As a’result of this 
mechanism extra chromosomes becomes unevenly dis- 
tributed to the daughter cell in contrast to the orderly 
separation of the normal chromosomes. A study of later 
cell divisions in pollen shows that the extra chromosomes 
divide and separate away from each other earlier than most 
of the normal chromosomes. 

Thus the number of extra sheeenoeuens in pollen cells 
may vary within an individual plant not only in different 
years and in different flowering spikes but also within the 
Same male flowers. 

Usually there is complete elimination of extra chromo- 
somes in Poa alpina root cells which have only the 14 
ordinary chromosomes, although occasionally a few extra 
ones are present. When they do occur in root-tip cells they 
are readily recognisable by being smaller and staining 
differently from normal chromosomes. It is not known 
when and where elimination of extra chromosomes takes 
place. They are present in embryos and in the main roots 
of germinating seeds, so that possibly elimination is at a 
relatively late stage. 

How have accessory chromosomes arisen? Absence 
of pairing between them and normal chromosomes indi 
cates they have not recently originated from the latter. 
Perhaps they originated by fragmentation of normal 
chromosomes, but if so they are now quite differentiated 
from them. 

The British scientists, Dr. C. D. Darlington and Dr. P. 
T. Thomas, think these extra chromosomes are useful to 
the plants which have them, for otherwise they would 
have been eliminated by natural selection. They believe that 
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the extra chromosomes in maize and sorghum, for instance, 
may have important functions in certain metabolic 
processes. 

Not all extra chromosomes, however, need be useful to 
the plants carrying them. G. Ostergren has postulated a 
number of reasons why those in rye may be considered as 
living a parasitic existence, apparently remaining in 
some plant populations without being useful to the plants. 
They have responded to selection differently from normal 
chromosomes and have been selected for genetical inertness 
on the principle that extra chromosomes that do not affect 
the host plant one way or the other would obviously have 
a greater chance of survival than those decreasing, say, the 
fertility of host plants. 

A number of implications result from these observa- 
tions. If some chromosomes can be interpreted as parasites, 
why should there not also be parasitic genes? After all, 
genes make up the chromosomes. These parasitic genes, 
floating in cytoplasm, could be living an inert existence and 
might vary in frequency from individual to individual 
rather like the extra chromosomes in Poa alpina. Occa- 
sionally they could become a burden to the cells in which 
they occur, when their concentration reached a certain 
threshold or a sudden change made them active so that 
the cells became aware of their presence. The cells then 
start to divide rapidly so as to eliminate them altogether 
or to keep under control their deterious effects. Now 
genes and viruses have many properties in common and, 
as tumour formation may be linked up with this phenome- 
non, the theory of parasitic genes could offer some support 
for the virus theory of the causation of certain kinds of 
cancer. Further studies on the behaviour and effects of 
extra chromosomes are therefore awaited with interest by 
many people besides academic cytologists and geneticists. 

REFERENCES 
Darlington C. D. and P. T. Thomas, 1941, Proceedings of the Royal 


Society (B), Vol. 130, pp. 127-150. 
Munizing, A., 1948, Heredity, Vol. 2, pp. 49-61. 


A Living Fossil 

IT is something of an event in systematic biology when a 
living organism is discovered which is referable to a group 
previously known only in the fossil record. The outstand- 
ing example in the past decade was the finding of a living 
Ceelacanth fish in the catch of a trawler off the south-east 
African coast (see Discovery, “Time and the Biologist” 
by Prof. F. E. Zeuner, 1946, Vol. 7, p. 248). 

The discovery of a living species of the fossil conifer- 
genus Metasequoia is scarcely on the same level of impor- 
tance, for there are other living trees such as G/lyptostrobus 
and Taxodium which are well known and, though generic- 
ally distinct from Metasequoia, have a demonstrably close 
kinship with it. This living Metasequoia is none the less a 
discovery of very great botanical interest, and incidentally 
Serves aS a corrective to any idea that the biological 
exploration of China’s vastness is anywhere near com- 
pletion. 

One of the illustrations to Dr. E. D. Merrill’s account of 
the discovery is a charming sketch which shows that the 
peasants of China, having long known this tree, regard it as 
sacred and have placed a temple at the foot of one speci- 
men. For to them it is an integral part of their native land, 
though now a sensational novelty to the wise men of 


297 








specimens of 
Metasequoia, thought until recently to be extinct, have 


Fic. 8.—About a _ thousand living 


recently been found in NE. Szechuan. Though the 

living plant is new to.scientists, Chinese peasants must 

have known it for a long time; they regard it as 

sacred. This drawing shows a Todee (God of the 

Land) temple at the foot of one fine specimen. 
(From Arnolidia.) 


western civilisation. One is tempted to paraphrase the 
Latin tag and say “Ex China semper aliquid antiqui’’. 

The history of the name Metaseguoia is a brief one, for 
it was only in 1941 that the Japanese palaeontologist 
Shigeru Miki created the genus for certain fossils previ- 
ously referred to Sequoia, the genus to which belongs the 
Redwood and Big Tree of California. Four years later the 
living species was found on the borders of the Chinese 
provinces of Szechuan and Hupeh by Mr. T. Wang. 
These specimens reached the Arnold Arboretum, and, 
realising their great interest, that American institution 
financed further trips to the area by Chinese botanists. As 
a result a good supply of seed of the Metasequoia was 
obtained and some has been generously distributed to 
other institutions, so Kew Gardens now has some thriving 
seedlings. 

Despite its name it appears that Metasequoia is less 
closely related to the true Sequoia than to the two other 
genera, G/yptostrobus, the Chinese Water pine, and Jax- 
odium, the Bald Cypress or Swamp Cypress of America. 
Among other features which these genera share in common 
is their deciduous habit. Not all the leaves fall individually, 
as is usual in the broad-leaved trees, but many branchlets 
and their leaves form entities which are known as phyllo- 
morphs and are shed as a whole. 
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Taxodium and Glypto- 
strobus have in common is their ecological preference 


A feature which Metasequoia, 


for a plentiful supply of water at their roots. Metase- 
quoia is reported to grow along small streams and near rice 
paddies and its Chinese name is shui-sa—Water Fir or 
Water Spruce. Both G/yvptostrobus and Taxodium are 
swamp plants and under certain circumstances produce 
erect roots that perform an aerating function. Such plants 
should, from the nature of the habitats they favour, be 
well represented in the fossil record, and this is indeed the 
case; fossil Metasequoia has already been recognised from 
N. America, Japan and Manchuria. 

A plant that has repeatedly been mentioned in com- 
parison with the newly discovered Metasequoia is the 
Maidenhair tree. This has much greater claims to botanical 
fame, for it is the sole living representative of an ancient 
and widely distributed order, Ginkgoales, whose fossil 
history goes back to the Permian, the last phase of the 
Palaeozoic era*. The Ginkgoales were an expanding group 


* The Permian is the oldest geological period mentioned in this 
note, and immediately followed the Carboniferous. After the Per- 
mian came the Mesozoic (sometimes called the Age of Reptiles), 
comprising the Triassic, Jurassic, Comanchean and Cretaceous 
periods. The Cainozoic (Cenozoic), which succeeded the Mesozoic, 
is the age in which mammals and modern plants gained their 
ascendancy; it is divided into the Tertiary (which ranges from 
Paleocene through Eocene, Oligocene and Miocene to Pliocene) 
and the Quaternary (comprising the Pleistocene, or Ice Age, and the 
Postglacial deposits). 
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Fic. 9 (/eft)—The characteristic features of Meta- 
sequoia. (From Arnoldia.) 


Fic. 10 (right)—A_ seedling Metasequoia grown in 
the Royal Botanic Gardens at Kew. 


during the earlier phases of the Mesozoic, but after the close 
of the Jurassic period they declined rapidly. The fossil history 
of the allies of Metasequoia is very different. Comparable 
forms are known from a few Jurassic beds, and they 
became much more prominent in the next period, the 
Cretaceous. Nevertheless most of the actual records of 
Sequoia, Glyptostrobus and Taxodium date only from more 
recent Tertiary deposits. Taxodium flanked the Miocene 
lakes and freshwater lagoons of the German plain and 
Sequoia, Glyptostrobus and Taxodium are all recorded 
from the Pliocene floras of Mediterranean France, where 
they are found alongside a wealth of fossil flowering 
plants, including oaks, alders and planes. 

Though popular attention may be riveted by the possi- 
bility of tracing the ancestry of this newly found tree far 
back into geological time, the scientific value of the dis- 
covery lies elsewhere. There will now be available for 
investigation by all the resources of modern science a 
living species of this fossil genus, and from its intensive 
study we may well hope to glean facts having an important 
bearing on the evolution and classification of the inter- 
esting section of the conifers to which it belongs. 
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Wood in the Chemist’s Hands 





M. SCHOFIELD, M.A., B.Sc., F.R.I.C. 


WitH the depletion of timber resources following decades 
of prodigal consumption, together with a tendeacy to 
substitute something more modern like light metals and 
alloys for wood, it appears at times as if this old natural 
raw material is destined to take a subsidiary place in com- 
merce and technology. Such a pessimistic view certainly 
finds some support in the decline of the wood distillation, 
or carbonisation, industry in this country: so few factories, 
are engaged in Britain that they can be counted on the 
fingers of one hand. Yet the chemist and the chemical 
engineer, if we are to judge by all the intensive research 
they are devoting to wood, think otherwise. Not only has 
the chemist found answers to the problems of making wood 
impervious to insect pests and fungi and making it as fire- 
proof as is possible, but he provided first casein adhesives, 
and then superior plastic bonding agents to banish the 
Achilles’ heel of glued joints, and then went on to provide 
manufacturers with ‘compressed’ wood and ‘improved’ 
wood as highly specialised products which are cheaper 
to use than plastics alone for fabricating various articles. 
Further, the chemist has introduced new methods of 
utilising wood waste; he has improved his destructive 
distillation technique for conjuring chemical products: and 
then has rounded off his score by finding uses for waste 
liquors from paper-making and by converting wood 
cellulose to sugars. 

In each of these directions in which a more intelligent 
use of this natural raw material is looked for, the manner 
in which scientific method replaces rule-of-thumb ideas 
provides an absorbing theme. The primary material, un- 
like metal from ores, is replaceable—provided afforesta- 
tion can keep pace with consumption. Wood is a complex 
substance containing 60°% cellulose fibre, which provides 
wood pulp for paper and rayon, and sugars by ‘hydrolysis’: 
28°, of that mysterious cementing material called ‘lignin,’ 
which now offers considerable promise when left as lignin 
sulphonates in black liquor from pulp-making; and the 
remaining 12°% of resins, carbohydrates, etc., all estimated 
on dry sample. Before passing to applications in which 
these constituents are separated, and to those in which 
wood is carbonised to yield a distillate containing more 
than a hundred chemical compounds, the ‘improvement’ of 
whole wood for constructional purposes will serve to 
demonstrate the versatility of the chemist in prolonging 
the ‘life’ and improving mechanical properties of the 
material. 

Wood preservation provides a starting-point in studying 
all that chemical science has done for wood. The old 
Biblical reference to moths that corrupt man’s textiles and 
to rust that corrodes his metals can be extended to include 
a variety of pests which bore into his stores of timber and 
wooden constructions, and of fungi which rot them. A 
multitude of tiny shot-holes betrays the activity of the 
furniture beetle long after the female has laid eggs in 
joints and cracks—a beetle which is literally a ‘gate-crasher’ 
since it reduces gate-posts and fencing as well as furniture. 
This pest differs from the powder-post beetle which 
readily reduces to fine powder such hardwoods as oak 


and ash. The powder-post beetle comes from cylin- 
drical eggs, the fully grown beetle appearing after 10 
months; but the young grub begins its tunnelling activities 
without tuition, with even walking-sticks and golf club 
shafts as targets. Then there come the timberman beetle 
boring into pit props, the musk beetle into willow, and the 
species Lymexylon navale which likes most varieties of 
wood. The marine borer Jeredo navalis deserves special 
mention in its activities in making long tunnels in wood.* 
To combat all these. and to control fungi, the chemist has 
introduced sodium flucride, zinc chloride, chromated zinc 
chloride (which includes 185°. of sodium dichromate 
with the zinc salt), copper salts, chromium compounds, 
and borates like common borax for wood coming into con- 
tact with foodstuffs; he has added to the list various organic 
chemicals like dinitrophenols, chlorophenols and copper 
naphthenate. Mercury saits are as powerful in action as 
are mercury paints on ships’ bottoms; but they are costly, 
and corrosive to metals in the structure. Arsenic com- 
pounds are also highly toxic yet only recently seem to have 
been favoured. Such water-soluble preservatives offer one 
marked advantage over the commonest preservatives like 
coal-tar creosote or wood creosote: they leave the wood 
odourless and in a clean condition for handling, and may 
be combined with fire-retardant chemicals. Yet there are 
drawbacks such as liability to be dissolved in rain, the need 
to re-dry timber after treatment, and a tendency to cause 
alteration in the dimensions of machined parts. Coal-tar 
creosote still holds first place for cheapness and resistance 
to rain: after decades of exposure a considerable propor- 
tion of the injected preservative remains. There are also 
creosote oils and ‘carbolineums’ which are highly effective, 
with crystallisable constituents removed where low tem- 
peratures are to be met. Just as teak is selected for 
warship decks, lignum vitae for propeller bearings, and 
spruce for plane structures, so the selective use of preserv- 
atives for particular purposes is possible now that the 
chemist offers such variety. All such preservatives, how- 
ever, become unnecessary where ‘bakelised’ wood or 
resin-bonded wood is concerned—many a death-watch 
beetle must have broken its heart over those sham 
Tudor beams! 

Though fireproofing of wood has not been so successful 
as methods of preserving it, there has been no lack of 
research into this problem. The basic principle of fire- 
proofing chemicals is to evolve a blanket of inert gases or 
water vapour from hydrated crystals, or to form a protec- 
tive glaze or glassy coating spreading over wood surfaces; 
either or both of these may be introduced. In calling 
on the chemist to provide these, many difficulties have to 
be met. In damp weather such ‘anti-pyrene’ salts must not 
prove deliquescent nor attract excessive moisture; nor 
must they corrode metals when in contact, nor react with 

* Recent references to Brunel failed to mention that he called his 
tunnel shield a Teredo, simply because he was inspired to provide a 
protection chamber for workmen using the shield in tunnel-con- 
Struction after studying this timber pest, which maintains a dry 


chamber at the head of the tunnel while boring with its tiny shell as 
tool, and then lines the tunnel with carbonate of lime. 
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glues or adhesives. Further, the penetration of appreciable 
amounts of such agents must be effected, if possible, so as 
to exert a cooling effect and keep the wood below a critical 
point of 285 C., a point at which wood decomposes 
exothermically and tends to char. Though ordinary 
water-glass has proved popular for rough fire-proofing 
or fire-retarding, such agents as ammonium phosphate, 
ammonium chloride, chlorides of zinc or magnesium, 
borax and boric acid, furnish anti-pyrene solutions 
effective to various degrees. In the ‘vacuum process sap 
and wood gums are removed in steel cylindrical vessels, 
the wood being then steamed and put under vacuum before 
forcing the solution into the cellular and fibrous mass. 
Kiln-drying now leaves the fireproofing chemical as tiny 
crystals evenly dispersed. With plywoods bonded with 
plastic the separate veneers have to be impregnated before 
building up the sheets. There is a speedier but less effective 
method than vacuum processing: that is, the brushing on or 
application by spray gun of solutions which on proximity 
to heat cause a blister-like layer to swell up—an effect 
known as “intumescence. 


Alliance with Plastics 
Since wood is cheaper in the mass than light metals or 


plastics, the chemist allied with physicist and engineer has 
done much to introduce ‘improved’ and Renate tntooniol 





Important chemical product derived from 
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Ala Nya Aktiebolag at Sandarne. Two-thirds of 
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wood, as well as ‘impregnated,’ ‘metallised’ and ‘oiled’ 
wood. Before synthetic resins or plastics formed a close 
bond with wood to enhance mechanical properties, 
veneers and plywood had become well established, with 
veneers later made with a rotary cutter utilising 92% 
of the cross-section of the log. Built-up laminated ply- 
woods with layers having alternate grains at right angles 
had reduced shrinkage, warping and splitting, while water- 
resistant glues and pressure for adhesion had proved 
satisfactory up to a point. But ‘improved’ woods went 
much further by bringing mechanical properties equal to 
and even superior at times to light assembly materials of 
other kinds. As early as 1912 Dr. Baekeland, inventor of 
bakelite, suggested the use of phenolic resins as wood 
adhesives; yet it was not until 1930 that resin films were 
used for plywood in Germany. Modern synthetic resin 
‘glues mow surpass animal glues and casein adhesives 
and may be of the thermosetting class (like the phenol, 
urea, melamine types) which do not subsequently soften; 
or of the thermoplastic type, such as vinyl acetate or 
butyrate. 

The new ‘improved’ woods are built-up layers of veneers, 
either of material impregnated with a solution of phenol- 
formaldehyde resin, or the veneers are alternated with 
layers of shredded resin or plastic and the whole hot- 
pressed up to 3000 Ibs. per sq. inch. ‘Bakelised’ wood is 
incombustible, resistant to all atmospheric conditions and 
to pests, to prolonged immersion in water, and does not 
crack on breaking. (Such a term as ‘bakelised’ should only 
be used for material with over 8°, of plastic bond.) 

‘Compressed’ woods are those produced by compres- 
sion at 300 atmospheres and at 140-160 C., for example; 
they are of high density with cell walls adhering and 
intercellular spaces filled with the natural resins and 
waxes of wood itself. Such compressed woods of specific 
gravity up to 1-4 have found applications in spindles and 
boxes in the textile trades, for cog-wheels, bushes and 
bearings, and in mallets for metal working. Yet these 
cannot compete in variety with the impregnated types. By 
building up parallel-grained layers on the one hand or 
alternate layers with grains at right angles on the other; 
by varying the plastic, the degree of compression and 
impregnation, there seems no limit to the variety possible. 
A spruce, for example, which is higher in tensile than in 
compression strength may be combined with phenolic 
resin stronger in compression than tension to yield a 
balanced material. In the aircraft industry we see the 
advantages when phenolic, urea-formaldehyde and _ viny! 
resins have become adopted. Resin-bonded plywood 
answers the complaints of aircraft constructors concerning 
plywoods with animal glues or casein glues varying in 
strength with the weather and with humidity. In the con- 
struction of air-screws having very high stresses at the hub 
but which decline to zero at the tip, differential impreg- 
nation with resins yields the desired graduation in density 
from hub to blade tip. In ‘cooking’ the thermosetting 
resin-wood mass there has also been no lack of ingenuity. 
High-frequency electrical heating by enclosing the mass 
between metal plates ensures uniform and rapid heating, 
and can apply the thermal effect to the plastic bond with 
laminated materials without danger of damaging the 
wood by overheating. Cold-setting resins have also 
appeared, catalysts causing the resin to set in situ, as in the 
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to form a cheap, water-resisting wood losing 
no oil in water and finding uses in washing- 
machines and textile equipment. Metallised 
wood incorporates a low-melting alloy like 
Wood’s metal which fills intercellular spaces 
following a vacuum treatment; such a material 
with high resistance to compression and high 
thermal conductivity is stable, since the action 
of heat does not allow the enclosed metal to 
flow to the outer layers. 


Pine oil 


Tall Ort 
Yeast protein 


Chemical Products from Wood — 
After chemical treatment to improve wood 
comes the question of utilising wood waste as 
raw material for the chemist. (Fig. 2.) The 
technologist had foreseen long ago the urgent 
need, not only for timber economy in an age of 
industrial progress which has been an age of dissipation, 
but for using the vast amount of billets, slabs, chippings, 
shavings and sawdust necessarily produced in_ timber- 
cutting and in wood-working. In the past our forest lands 
of Britain were ruthlessly exploited by itinerant charcoal- 
burners and iron-smelters, the latter working innumerable 
small forest forges before the blast furnace came. Itinerant 
glass-makers also consumed raw timber as fuel and then 
moved on when local supplies became exhausted. The 
present era in Britain, when we import such timber and 
wood pulp as we can afford, is the legacy from the past and 
points a lesson to other countries where extravagant con- 
sumption goes on. Yet when we come to efforts to utilise 
wood waste, research and invention can surely go little 
farther. Wood waste, particularly shavings and sawdust, is 
difficult and rather uneconomic to collect and transport 
from the many wood-working shops: local consumption 
takes a fair proportion, whether for firewood and fire- 
lighters or as sawdust for linoleum manufacture, insulation, 
fruit-packing, and other odd uses. In the United States 
some 90,000 tons are converted to briquettes as fuel for 
dining-cars and kitchens. In Britain and elsewhere wood- 
gas generators for power purposes, though successfully 
solving the problem of removing acid and tarry vapours 
from a gas which would otherwise ‘gum up” engines, 
have not proved as popular as expected. With sawdust 
used as filler for cheaper grades of plastics we are back 
again to yet another marriage of wood and _ plastics. 
Yet it must be emphasised the plastics manufacturer 
mainly requires “wood flour,” which in the better grades 
called ‘technical’ and ‘granularmetric’ comes from grind- 
ing in stone mills similar to those once used for wheat. 
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2.—This diagram gives an idea of the great variety of chemicals 
produced from wood by different processes. 
Wood chippings have been used in this country for making 
‘activated’ adsorbent charcoal and in the United States 
for making insulation board such as Insulite and Masonite. 
The latter process, analogous to preparing ‘puffed’ wheat 
or rice, is ingenious and consists of packing chippings into 
high-pressure cylinders or ‘guns,’ passing in steam at up 
to 1000 Ib. per sq. inch, and then rapidly ejecting chips 
from the ‘guns,’ the sudden release of pressure disrupting 
the charge to a fibrous mass which ts then felted with 
paraffin base, rolled and pressed into millions of feet of 
‘synthetic’ damp-proof board. : 

In reviewing methods of producing charcoal and con- 
densable products by carbonising or ‘distilling’ wood 
waste, one must differentiate between mere charcoal- 
making and the more difficult preparation of wood alcohol, 
acetone, acetic acid and wood tar distillates. The charcoal 
burner, a gipsy forever cropping up in the popular maga- 
zines, needs no plant apart from the new portable kilns. 
(These fours mobiles, used by the French to produce fuel 
for their gazogénes or charcoal-burning lorries, appeared in 
British woodlands during the last war when cheap Conti- 
nental charcoal supplies were cut off, and have banished the 
old ‘meiler’ or wood pile.) In Britain we have a few wood 
distillation plants, notably those at Worksop and one 
buried in the Forest of Dean, plants which use four ‘Jumbo’ 
ovens taking twenty tons of wood waste instead of using 
up to 20 ovens in a number of American and Canadian 
plants. After 24-hour periods of ‘cooking’ and of a final 
stoking-up to ensure completion, the cars of blazing 
charcoal are hauled out and sealed in tunnels or coolers 
to avoid combustion. The watery ‘pyroligneous acid’ 
distillate is freed from tar, distilled, the acetic acid ‘fixed’ 

















with lime, and the methyl alcohol or wood spirit, acetone 
and other solvents separated by distillation. In adopt- 
ing this process each firm modifies it to suit demands 
for particular products. Thus British distillers have to be 
content, now that wood waste Is less plentiful and charcoal 
less saleable, to prepare ‘methylating’ liquids to render 
ordinary alcohol free from duty, mixed solvents like 
‘methyl acetone’ (which are invaluable for varnishes) 
and such tar oil fractions as are in demand. The Eastman 
Kodak factory at Kingsport, Tennessee, on the other hand, 
set out to produce high-grade wood spirit and other 
solvents in tank-car loads for the manufacture of non-flam 
cine film (Figs. 3-6). The Ford Motor Company, looking 
for ethyl acetate for lacquers and ‘artificial’ leather, 
introduced the Badger-Stafford process in which vertical 
retorts are actually insulated with fire-brick and diatomace- 
ous earth, no external heating being required owing to 
use made of the exothermic reaction setting in when wood 
reaches 285 C. Scrap wood is reduced to 8-inch pieces, 
tramp iron removed magnetically, and the pieces enter the 
retorts via a barrel-valve at the top, pass down the retort 
to the hottest zone (at 515 C.) and yield charcoal ejected 
from a second barrel-valve at the base. As for sawdust con- 
version, no firm has succeeded in this. It may sound 
simple, yet such obstacles as high transportation costs, and 
formation of a heat-insulating layer of charcoal causing 
retort walls to burn through, have proved unsurmount- 
able. A Manchester firm of wood-workers tried out a 
rotary retort in which internal loose ‘breakers’ with steel 
chippers fixed on axles served to break up the char- 
coal layer. The Trebertrocknungsgesellschaft of Cassel 
squandered a few million pounds on the sawdust distilla- 
tion problem. 

Charcoal has lost some of its economic value in modern 
days, despite uses in metal refining, as briquettes for dining- 
cars, in charcoal-burning lorries, in the domestic iron where 
the electricity grid is unknown, and even in charcoal 
biscuits. Further, it must not be confused, as in the popular 
press, with that special ‘activated’ charcoal! or carbon, a 
form with large internal areas of absorbent capillary sur- 
faces which serve to decolorise liquids, sugar syrups, and 


Fics. 3-6.—Carbonising wood at the Eastman Kodak factory. (Left) Waste wood from the saw mills is 
loaded into lattice cars. (Right) These cars, and their contents, are heated in oven retorts. 
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remove both impurities and valuable by-products from 
gases. In producing ‘gas-mask’ charcoal a heating in steam 
or steam plus air at a minimum of 800 C. is essential in 
removing impurities clogging up the pores, an operation 
which starts equally well from carbonised masses from oat- 
hulls, nut-shells, rice-husks, and by-products from paper- 
making. Wood distillation still carries on despite the fact 
that acetic acid and acetone are now produced from acety- 
lene, and acetone by a fermentation process yielding butyl 
alcohol in addition. 


Sugar, Alcohol, and Vanilla Essence 


Just as wood waste utilisation is essential for an intelli- 
gent timber economy, so in the production of wood pulp 
for paper is it necessary to find full application of lignin 
residues left in black sulphite pulp. With 8 million tons of 
sulphite pulp made each year an equal weight of solid 
residue goes into the liquor formerly polluting rivers; or 
expressed in figures for Canadian mills only, 500,000 tons 
lignin derivatives, 40,000 tons acetic acid and 165,000 tons 
Sugars went to waste. To-day this black liquor may be 
regarded as almost as promising as coal-tar was looked on 
in its early years. The Howard process used in some large 
mills treats the effluent with lime in stages: first precipita- 
tion yields calcium sulphite for re-use, together with some 
lignin for fuel; later stages bring down a basic calcium 
lignin-sulphonate used as a tanning agent and for treating 
boiler-feed water. “Meadol is another lignin by-product 


solvents and finds an invaluable outlet as a thermoplastic 
binding agent and as modifying agent for thermosetting 
resins. Though there has been a too optimistic view of 
lignin acting as plastic bond, just as in wood it binds 
cellulose fibres, lignin chemistry has a bright future. In the 
United States research on hydrogenation of lignin in a 
high-pressure ‘bomb’ has seen the brown material ‘“‘magic- 
ally transformed into a transparent liquid containing four 
compounds new to the chemical world.” In Canada 
a laminated plastic lignin product named ‘Arborite’ has 
been converted to furniture and pleasing wall finishes for 
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(Left) Among the valuable chemicals that distil off when the wood is carbonised is methyl or wood alcohol: 
this is separated from other volatile products by distillation and shipped away in tank cars. (Right) Char- 
coal is left behind in the retorts, and is here seen being raked out of the lattice cars. 


the new Laurentien Hotel and elsewhere. Perhaps the 
most striking product from the black objectionable sul- 
phite liquor is pure white crystalline vanillin, the active 
agent of vanilla flavouring. Since vanillin from one 
Ontario mill is sufficient to supply the world’s markets, 
vanilla from the vanilla pod and artificial vanillin from 
Zanzibar clove-stem oil now meet severe competition— 
although vanillin is now regarded as an intermediate for 
organic chemicals of the future. Fermentable sugars in 
sulphite liquor have been converted on a vast scale in 
Europe and in Canada into ethyl alcohol: the liquor is 
neutralised with limestone, a strain of yeast resistant to 
sulphur dioxide added, and many millions of gallons of 
alcohol produced annually as well as baker’s yeast and 
other yeasts for protein food for cattle. So promising are 
all these, together with other fermentations yielding butyl 
alcohol and acetone, that it is suggested that before long 
we may well regard the lignin liquor as main product and 
paper pulp as by-product! 

An alternative digestion process for preparing wood 
cellulose is the ‘alkaline’ process using either caustic soda 
or sodium sulphate, the latter being reduced in the process 
to sodium sulphide, this mild alkali being the active 
agent. This alternative yields a fatty, resinous scum, which 
is separated centrifugally or by skimming, treated with 
acid, and forms ‘tall oil’, ‘tallol’ or ‘soap oil’. Resinous 
woods yield the maximum of this oil, which should not be 
confused with pine oil from pine-wood stumps. Addition 
of alkali yields a semi-hard soap formed from the oleic, 
linolenic and linoleic ‘fatty’ acids present. If caustic potash 
is used, the soap is a soft soap for cleansing; the product 
from caustic soda is used not only for cleaning, but as a 
wetting agent in fruit sprays and as a flotation agent for ore 
concentration by the well-known froth-flotation process. 
Tall oil has become more prominent during World War II 
and in these years of fat shortage (Fig. 1). Containing 
unsaturated drying oils it is the sole paint oil used in 
Finland, while on oxidation with air it yields a cooling oil 
for metal-cutting. Swedish producers distil the oil to 
obtain a refined product, resin acids, and a pitch residue. 


Wood into Sugar 


By simply adding one molecule of water to one of wood 
cellulose the conversion of wood to sugar seems to banish 


_ the need for Mr. Strachey’s rationing schemes. In practice 


it is not so simple; for concentrated hydrochloric acid 
is the only economic ‘saccharifying’ agent, and this 
not only attacks most metals but has to be recovered 
efficiently for re-use. German and American interests have 
struggled with the problem and succeeded to some extent. 
Wood is processed in batteries of iron vessels with special 
resistant linings, when two-thirds is dissolved and one- 
third lignin residue left. By distillation at least 80°% of 
the hydrochloric acid is recovered, the remainder being 
mostly recovered in a subsequent spray-drying of the 
Sugar syrup. The sugars glucose, mannose, galactose and 
xylose form the product, varying according to the wood 
used and constituting by weight from 60-66 °,, of the wood. 
Since all attempts to produce ‘artificial’ sugars by other 
means have failed, wood cellulose is our only answer to 
the man-in-the-street who demands of the scientist that he 
should ‘make’ sugar instead of devoting so much time and 
energy to atomic bombs. ‘‘To everything its use’’ is an old 
saying from Tacitus. Certain it is that, given an extended 
afforestation programme, the uses of wood are infinite. 
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National Parks and Nature Conservation 


A REVIEW OF WHAT COULD BE DONE IN SCOTLAND 








Government policy on national parks must soon crystallise into legislation covering the establishment 
of such parks and their administration. Discussion on this subject has reached a critical stage, and many 
of the keenest advocates of national parks have become very uneasy as a result of recent pronouncements 
by Government spokesmen about the intention to introduce local control of parks which would then be 
national parks only in name. This unexpected development makes this article even more topical today than 
it was when originally written. Dr. Fraser Darling here describes proposals made for national parks and 
nature reserves in Scotland, though many of his comments apply with equal force to other parts of Britain, 
The author has special knowledge of his subject having served on the two committees appointed by 
the Secretary of State for Scotland to report on National Parks and Wild Life Conservation. 





F. FRASER DARLING, D.Sc., F.R.S.E. 


THE present Government and its predecessor both ap- 
pointed through the Secretary of State for Scotland purely 
Scottish Committees to advise on areas in that country 
suitable for National Parks and on the methods of adminis- 
tration which might be applied. Both Committees were 
under the chairmanship of Sir Douglas Ramsay, Bt. 
The Reports* were issued in 1944 and 1947. Broadly 
speaking, Scotland found herself very much in line with 
England in ideas and principles, so that the Reports of 
the two countries should not give the Government a head- 
ache on the ground of conflicting notions. All the same, 
there must be differences in what constitutes a National 
Park in England and in Scotland because of the differing 
social and geographical conditions. Parks in England 
and to a lesser extent in Wales will be large areas already 
considerably developed, but nevertheless of special beauty 
and character, which are in danger from excessive and un- 
planned building or industrial change—the whole High 
Peak area is an example. The situation in Scotland its 
quite different. Rather, it now appears from the Scottish 
Report, the establishment of National Parks will provoke 
development in the Highlands where most of the proposed 
Parks are to be. The general idea both in the Committees 
and in the mind of the interested public has been that there 
would be two Commissions, an English and a Scottish (but 
the House of Lords Debate of April 8 rataer cooled 
our enthusiasm!). The work of the two Commissions 
would tend to be different in scope because of differences 
in the nature of the problems. Also, the two nations have 
differing systems of law, tenure and access. It is quite 
amusing to see English and Scottish lawyers waving their 
hands and professing complete ignorance of the law of the 
other country! The proposal that there should be two Com- 


missions should not be mistaken, therefore, for any show of 


national touchiness. In practice, the general public would 
not be conscious of any differences in National Park 
administration between the two countries, and the Reports 
indicate that a certain degree of reciprocal membership 
would be expected. 

* National Parks: a Si ottish Survey. 1945. H.M.S.O., Cmd. 6631. 
National Parks and the Conservation of Nature in: Scotland. 1947. 
H.M.S.O.. Cmd. 7238.) National Parks in England and Wales. 1947. 


H.M.S.O.. Cmd. 7121 
+ Conservation of Nature in Eneland and Wales. 1947. H.M.S.O., 


Cmd. 7122. 


Both the English and Scottish Committees received 
instructions to advise on the conservation of wild life. 
England immediately budded off the independent Wild- 
Life Conservation Special Committee under Dr. Julian 
Huxley, which produced its own Reportt, a long and 
highly important document. Scotland’s Committee was 
appointed later and is still sitting, though its interim find- 
ings largely endorse the English Report. Both countries 
have surveyed and assessed areas which may ultimately 
become National Nature Reserves. 

The above is a short account of the recent machinery for 
defining and clarifying our ideas on National Parks and 
Nature Conservation. Unfortunately; the White Papers 
have not been so widely read as they should be (perhaps 
because they are such uninterestingly produced documents) 
and there is still much confusion in people’s minds as to 
what a National Park in Scotland is to be. Some think it 
means a large chunk of country sterilised for all time, 
others imagine a place of swing-boats and hurdy-gurdies, 
nervous sheep-farmers see a sanctuary for foxes and a 
free-for-all for holiday-makers and their dogs, and the 
ordinary resident in quiet areas wonder whether their 
seclusion will be gone for good. 

The definition of a National Park by the Scottish Survey 
Committee may be repeated here: 


A National Park is an extensive tract of country of out- 
standing natural beauty, preferably also of scientific, 
cultural or historic interest, owned or controlled by the 
Nation, accessible to all as a matter of right under suitable 
regulations, and administered by or on behalf of the Nation 
to the end that its distinctive values may be preserved unim 
paired for the enjovment and recreation of this and future 
generations, 


This definition did not preclude the maintenance or even 
extension of such economic uses in the land as were con- 
sistent with these primary objects, provided that allocation 
of the land to agriculture or forestry be under the ultimate 
control of the National Parks Commission—if such a body 
were appointed. It was realised at that early time that the 
Commission should preserve the continuity of rural life in 
the areas concerned. The expected increase of visitors toa 
National Park would call for increased agricultural produc: 
tion—as far as items for immediate human consumption 
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Fic. 1.—The great ranges from Ben Alligin to An Teallach which give sanctuary to golden eagles and 
deer, pine martens and wild cats, would fall within the proposed Loch Torridon—Loch Maree National 
Park. The photo shows the range of An Teallach above Dundonnell. Fig. 2.—The Cairngorms—here seen 
from Aviemore—are the breeding-ground of crested tit, crossbill and dotterel and should constitute 
another National Park. (Photos by Robert M. Adam.) 





Fic. 3.—The Glen Affric-Glen Cannich-Strath Farrar Park would cover 260 square miles. Here is 
Loch Affric, with snow-capped ridge of Mam Sodhail in the background. Fic. 4.—This view shows the 
Blackmount Deer Forest, much of this third proposed national park area, is already in public ownership. 
(Photos by Robert M. Adam.) 





Fic. 5.—Top priority is recommended for the Loch Lomond-Trossachs Park which would be a lung for 
Glasgow. This view of Ben Lomond and Loch Lomond from the north is by Robert M. Adam. Fic. 6. 
—The Summer Isles from Ullapool. Some Scottish islands should become nature reserves for seals and 
birds. (Photos by the late John Fleming, 
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were concerned—and quite definite regulations as to 
access. Certain activities, such as camping and caravan- 
ning, would have to come under more control than at 
present. The Committee thought that the establishment 
of several large areas as National Parks would add to the 
attractiveness of Scotland as a holiday resort, and did not 
foresee the Parks in any way canalising or monopolising 
tourist traffic. Areas of low economic value were chosen, 
and which were reasonably accessible by existing com- 
munications. For this reason, extremely remote or insular 
areas were excluded. 

The Committee finally recommended the following five 
areas as National Parks, amounting to about 2000 square 
miles, and put other interesting parts on to a reserve list; 
it was felt that out of a total land area of 30,000 square 
miles in Scotland, one-fifteenth was a reasonable proportion 
for early action, especially as 21,600 square miles in Scot- 
land were hill grazings and woodlands. The suggested 
National Parks are in order of recommended priority. 


1. Loch Lomond-—Trossachs 
2. Glen Affric—Glen Cannich-— 


320 square miles 


Strath Farrar 260 ,, = 
3. Ben Nevis—Glen Coe—Black 

Mount ie 
4. The Cairngorms ae 
5. Loch Torridon—Loch Maree- 

Little Loch Broom aes 


Since the Survey Committee’s Report the first, second 
and fifth of these areas have been slightly modified and 
enlarged. 


The reserve areas were: 
6. Moidart—-Morar—Knoydart 
7. Glen Lyon-—Ben Lawers-—Schie- 


hallion nn ae 
8. St. Mary’s Loch — « « 


410 square miles 


Certain areas eminently suitable for a National Park 
were omitted, for example the Merrick—Glen Trool region 
of Galloway. In this instance, the ground is owned by the 
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Forestry Commission, whose intention it is to 
establish the unplantable areas as a National 
Forest Park. This type of park is a gallant 
gesture on the part of the Forestry Com. 
mission to give the public access to wild 
country which is part of their great holdings 
but which cannot become forest. The pro- 
portion in a particularly high, rough area 
may be 50%. But it is clearly understood 
that free access cannot be given to planted 
and plantable portions, and the Scottish 
Survey Committee felt that valuable as the 
Forest Parks might be, they should be 
considered as accessory to rather than a 
substitute for true National Parks. The 
Committee also took cognizanc2 of the 
existing Forest Park in South Argyll and 
linked up the proposed Loch Lomond 
National Park with it, making for mutual 
enlargement. 

The proposed National Park areas may 
be briefly described: 

1. Loch Lomond-—-Trossachs. Except for the 
western fringe of Loch Lomond, the whole of the Park lies 
to the east and north of the Loch, touching Aberfoyle and 
Callander. That western fringe is nevertheless important 
scenically, because the lower slopes are beautifully covered 
with oak woods and some birch, and the hills above, such 
as Ben Ime and Ben Vorlich, are very fine. Development 
of any kind along that famous stretch of winding, wooded 
road would be unsightly both from land and water. The 
important hydro-electric scheme dependent on Loch Sloy 
is to have a power station down on this road and at 
present, while the construction works are in progress, the 
scenery is certainly adversely affected, not to mention the 
fact that the oak woods on the west bank of Loch Lomond 
have been quite severely thinned to provide fuel for the 
camps. Perhaps we must look upon the hydro-electrics 
here as a necessity and accept the word of the North of 
Scotland Board that ultimately the power station will be no 
eyesore, but there should not have been the severe thinning 
of the oak wood for mere expedience. Oak wood in the 
Highlands is a climax which once broken cannot be re- 
covered, because the rise of the oak woods was in a kinder 
period of climatic conditions than we enjoy at present. 

The Loch Lomond-Trossachs Park will be an obvious 
lung for Glasgow, the foot of Loch Lomond being only 
18 miles from the city. The area is that of junction between 
Highland and Lowland conditions, reaching from the rich 
arable land of the Old Red sandstone through the slates to 
the Highland schists. The Trossachs are not considered 
Highland, but they are in the nature of a gateway and the 
oak- and birch-wooded slopes of Loch Katrine will be a 
fine natural reserve for the associated fauna and flora. 
Glasgow Corporation has a large catchment area from there 
through to Loch Lomond and there will be no fear of any 
kind of development. This Park will contain peaks overt 
3000 feet, such as Ben Lomond, Stobinian and Ben More, 
woodlands, a wealth of fresh water in loch and river and 
some interesting mosses near Aberfoyle and Callander. 
The area is of particular interest entomologically—as 
Glasgow naturalists have recently shown—and there is no 
reason why the golden eagle should not nest there soon if 


. ; | ea | 
Islands like the Treshnish Isles, where this picture was taken by 


the author, should be protected as sanctuaries for such birds as 
puffins. 
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BRITISH ASSOCIATION SUPPLEMENT 


British Association at 


Brighton 


Tuis year the British Association met at Brighton from September 8 
to September 15. Membership for the meeting was 1800 (the number 
of people actually attending was, of course, somewhat smaller). Local 
membership accounted for 150 of these members—as against 1700 
members of last year’s Dundee meeting, for which the total member- 


ship was 3000. 


From the opening address by Sir Henry Tizard onwards and 
throughout every session which touched on what science can con- 
tribute to the solution of immediate and urgent problems, both 
British and universal problems, the conference looked into the future, 
though their predictions did not prove as roseately ‘progressive’ as 


some of the critics would have liked. 


The present state of the world is such 
that scientists whose words are respected 
by the public have a public responsibility 
to describe trends as they see them and 
with as little personal bias as possible. 
Particularly out of place at a British 
Association meeting in 1948 would have 
been any expression of false optimism, in 
particular that kind of optimism which 
wells over as predictions of a scientific 
Age of Plenty next year or some time. What 
was needed was a sense of realism. and 
Sir Henry Tizard lived up to his reputa- 
tion for sizing up the key facts and stating 
the conclusions which people need to hear 
even though they may not like them. 
This sense of realism permeated many 
other speeches. One summing up of the 
meeting was headed “Brit. Ass. in 
Blinkers”. The exact opposite to that 
description seems a truer judgment. 


* * * * 


Sir Henry Tizard’s Speech 


Most topical reference was made by 
Sir Henry Tizard in his _ presidential 
address to the subject of productivity. 
He stressed the primary importance of 
industrial productivity to Britain, since 
we depend more than any other country 
on international trade. ‘‘Unless it is as 
high as, or higher than, in other manufac- 
turing countries, we shall not be able to 
compete in the markets of the world. 
And the productivity of labour in our 
country is far lower than it could be if the 
results 0 past research were more reso- 
lutely and continuously applied.” 

He brought out the need to apply 
research results, as opposed to the intensi- 
fication of research, by citing the examples 
of building and cotton. ‘“‘Research on 
building has been intensively pursued 
since the Department of Scientific and 
Industrial Research was founded. Those 
responsible for its direction have not been 
content with the publication of papers 
giving the results of their investigations 
but have built demonstration houses for 
other builders to inspect and study. But 
are better houses now being built with less 
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Sir Henry Tizard 





labour than twenty years ago? I doubt it; 
if not, the research has had as yet little 
influence on_ practice. The Shirley 
Research Institute for the Cotton Industry 
is well known for the range and excellence 
of its work; but productivity in the cotton 
textile trades is lower than it was fifteen 
years ago and much lower than in some 
other countries.” 

The causes of the relative productivity 
and wealth of nations are many and com- 
plex. Britain gained supremacy in the 
nineteenth century, said Sir Henry, because 
we excelled in engineering genius and were 
the first to use mechanical power on the 
large scale for manufacture and transport. 
But conditions have changed, and we must 
expect that given approximately equal 
skill in technology other nations with 
greater natural advantages will surpass 
us. It is not surprising that the United 
States and Canada should have passed us 
in wealth and productivity before the war. 
But it is by no means so easy to explain 
why Switzerland (with a national income 
per head in 1885 only two-thirds that of 
Britain) should have equalled us in pros- 
perity by 1939, or why the productivity 
of Sweden, a country without coal, should 
have been rising so much more than ours 
in the inter-war years. 

“I quote these examples,” said Sir 
Henry, “‘in support of my view that it is 
not the general expansion of. research in 
this country that is of first importance for 
the restoration of its industrial health, 
and certainly not the expansion of govern- 
ment research remote from the everyday 
problems of industry.” 

‘*‘What is of first importance is to apply 
what is already known.”’ 

In general, went on Sir Henry, know- 
ledge in the physical sciences now accu- 
mulates at a rate much faster than it is, 
or possibly than it can be, applied in 
industry. No new discovery, in any field, 
is likely to have so quick and beneficial 
an effect on British industry as the appli- 
cation of what is already known. ‘‘We 
hear, for example, of the possibility of the 
production of power from atomic sources 
of energy. I do not think that anyone will 
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be rash enough to prophesy what dis- 
coveries of real industrial importance will 
result from the researches now in progress; 
but I shall certainly assert that the pro- 
duction of power from uranium cannot 
bring such economic benefits to this 
country within twenty years as would the 
practical application of known methods 
of economising coal.” 

Even in industries where science and 
development have been most in step we 
find scientific knowledge far ahead of 
practice. In aeronautics, for example, 
research has shown, without any shadow 
of doubt, that it should be possible to 
design aircraft far more economical in 
fuel consumption than present aircraft. 
For the next step we need bold and highly 
skilled engineering rather than more 
fundamental knowledge: if it is successful, 
air transport, instead of existing precari- 
ously on subsidies, will compete on level 
terms with the train and ship for long 
distance passenger travel. Indeed, a 
revolution in transport is in sight. Shall 
we leave it to be encompassed by other 
nations, or shall we show the way? The 
answer depends on whether we shall 
encourage enterprise and adventure in 
engineering. 


Practical Objectives of Research 


For the next section of his speech Sir 
Henry drew on his tremendous experience 
of defence research and development—in 
the first World War he was Assistant 
Controller of Research in the R.A.F., 
from 1933 to 1942 he presided over the 
Aeronautical Research Council and for 
the greater part of the second World War 
he was Scientific Adviser to the Air 
Ministry. “‘l have seen this business of 
war change from one in which the prac- 
tical man considered he had little to learn 
from scientists into one in which scientists 
are concerned with its every aspect, from 
policy making to the actual conduct of 
operations. It is possible that other old 
industries have much to learn by studying 
the principles of its successful conduct. 

“In the first place let us note that the 








managing directors, 
and Commanders, are all carefully selected 
highly trained professional men, who have 
gained their experience in a hard school, 
and who, at intervals in their career, have 
had the opportunity to study, at Staff 
Colleges and elsewhere, the fundamentals 
of their trade. The managing directors do 
not have the final responsibility for policy, 
but have a great influence on the decisions. 
Secondly, the technical efficiency of the 
business is entrusted to a body of engin- 
eers and technologists, who have had an 
advanced specialised education and experi- 
ence, and who are in personal contact at 
all levels with scientists who are concerned 
with research and development. This 
secures that in all research, however 
recondite, there is a practical objective, 
and that there is also a continuous urge 
to improve in detail. The scientist is 
primarily responsible for research, but 
experienced engineers take part in it. The 
engineer and the scientist are jointly 
responsible for development. But there is 
no part in the whole process from research 
to production and use that is neglected, 
and none in which scientific thought and 
influence is wholly absent. One point of 
special interest is that far more attention 
—but perhaps still not enough—is given 
to the study of man in relation to the 
machines he has to operate than in any 
branch in industry.” 


The Incentive of Adventure 


Sir Henry then considered the indus- 
tries which most nearly approach the 
system he had just described. “The 
chemical industries,” he said, “have 
gradually developed a similar organisa- 
tion over the last thirty years. Neither 
research nor development has been neg- 
lected, and management is in the hands of 
men highly educated in pure and applied 
science. The result is that our chemical 
industries are a source of great and grow- 
ing strength in peace and war. Forty 
years ago they were far inferior to the 
German; now they have little to fear from 
any competitors. In the steel industry, 
whose efforts now merit our admiration, 
it is not uncommon to find management 
and direction entrusted to men of the 
highest reputation in science and tech- 
nology. ““Turn your eyes on any industry 
in the world that is similarly organised, on 
the steel industry of Australia, for example, 
or the photographic industry of the 
United States, or the machine tool indus- 
try of Switzerland, and you will find that 
they are the best able to weather the 
storms and take advantage of the fair 
winds of trade. And I shall ask you to 
note that in such industries human 
troubles, if not entirely absent, are incon- 
spicuous. This, I think, is to be expected, 
for most men are happiest and do their 
best work when new things are being 
attempted, and when adventure of some 
kind relieves the monotony of a daily 
routine.” 


Development is Our Weakness 


Sir Henry spoke of our weakness on 
the development side, and referred to the 
magnetron and penicillin. ““The magne- 
tron, which contributed more to the 
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success of the Allies than any other single 
invention, was a product of British 
science; but it had to be redesigned in 
America for economical manufacture. 
Penicillin, the greatest practical achieve- 
ment of medical research during the War, 
also originated in England, but unless 
American skill in large-scale manufacture 


had been available, many thousands of 


men, who now enjoy a healthy life, 


would have died,’ he commented. 


Science and Health 


Sir Henry had begun his speech, which 
he entitled “The Passing World’, by 
listing many of the great changes brought 
about through science and technology in 
the last sixty years. He now turned to a 
consideration of the benefits brought 
by advances in medicine. “The physical 
sciences have given men comforts and 
luxuries that are obvious to all. The 
aeroplane, the cinema, the broadcasting 
and television receiver, the domestic 
refrigerator, and many other familiar 
things which were unknown even at the 
end of the nineteenth century, are positive 
results of scientific research. Health, on 
the other hand, is in a different category. 
How many men now living in this country 
have any real conception, I wonder, of the 
astonishing advances in the prevention and 
cure of disease that have taken place in 
the last sixty years, and of how they have 
come about? Where is the cholera with 
which I was threatened as a child if I 
drank unboiled water? Its last appearance 
in England was in 1893; it was soon 
stamped out, and there has been no epi- 
demic since. We are puzzled and alarmed 
by its appearance even in a country like 
Egypt, with its low standard of sanitation. 
Many other diseases which were common 
in 1885 have practically disappeared or 
are under control. Those that remain, 
will, without doubt, be conquered in the 
end by the advance of knowledge. 

“In 1885 the crude death rate was 
twenty per thousand; now it is twelve. In 
1885 one in every seven children died 
during the first year of life; now the figure 
is One in twenty-five. In 1885 a young 
man of twenty could expect on the average 
to live for forty-one years; now his expecta- 
tion of life is forty-eight years. And it is 
not merely that he will have a longer 
existence, but that he.can look forward to 
a far healthier life. Where can one now 





Wanted: Scientists for 
Groundnut Scheme 


IN his lecture on the East African 
Groundnut Scheme, A. J. Wakefield 
Said it was proving hard for the Over- 
seas Food Corporation to find the 
scientific staff it needs for this project. 
He said, “‘We are having great diffi- 
culty in filling the present vacancies for 
one Senior Plant Pathologist, three 
Junior Plant Pathologists, three Junior 
Entomologists and a Plant Breeder: 
if anyone here knows of likely candi- 
dates for these posts, we would be very 
grateful to be told of them.” 
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find the stunted children with distorted 
limbs, who were a common sight in the 
industrial towns of England when I was 
young? If it were possible to compare a 
random sample of young men and women 
from the poorer districts of London = 
their grandparents at the same age, 
could hardly be believed that they a 
from the same stock.” 

He quoted the Medical Research 
Council’s statement of 1939 that “The 
destructive power of arms will indeed 
have increased immensely since 189] jf 
it overshadows the advances in knowledge 
for the saving of life which modern dis. 
covery has placed at the disposal of medi- 
cal men. If a strict comparison were made 
between what science, has done to increase 
war mortality and what medical science 
has done to lessen these lethal effects, there 
is good reason to believe that the latter 
would be an easy winner.” 

Omitting the word medical in the last 
sentence, said Sir Henry, no prediction 
had been more amply justified. In spite 
of all bombing hazards, the average civil- 
ian death rate during the war years was 
lower than during the immediately preced- 
ing years of peace. The deaths in the 
fighting services were less than a third of 
those in the 1914-18 War; over 80% of 
the wounded had been restored to normal 
life. In spite of submarine blockade and 
food shortage we were healthier than in 
1939. ‘‘Whether we are as energetic is 
another question,” added Sir Henry. 


Increasing Food Production 


After speaking of the benefits brought 
by the introduction of anti-malarials— 
DDT, Sir Henry drew attention to the 
speed with which the world’s population, 
better protected against disease, is in- 
creasing. We must expect it to grow, he 
said, at even faster rate—unless famine 
intervenes. Fifty years ago Sir William 
Crookes warned the British Association 
of the danger of famine, but qualified his 
forebodings by the statement that scientists 
must come to the rescue of the threatened 
communities. The chemist and _ plant 
breeder came to the rescue. 

‘*“Now the day has come when we must 
grapple again with this problem,” said Sir 
Henry. *“*‘We must not encourage the easy 
thought that some entirely new develop- 
ment in science will solve it quickly. 
There are certainly some interesting 
investigations in progress, for instance the 
production of food yeast from molasses, 
and of fats by the action of micro-organ- 
isms on carbohydrates. But these new 
developments are very unlikely to lead to 
a new and substantial source of supply of 
food within the next thirty years.”’ Britain 
would have to plan her economy on the 
assumption that food will be both scarce 
and dear for many years. Few people 
realise that in our small country we now 
grow enough food for twice the popula- 
tion of Canada. There is a consensus of 
opinion among experts whom I have 
consulted that the production of food in 
the United Kingdom could be raised by 
20% within five years by a combination 
of measures, such as the improvement of 
grasslands, the conservation of grass for 
winter feeding, the control of pests and 
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weeds, the extended use of fertilisers, and 
the development of large tracts of mar- 
inal land such as exist in the Highlands of 
Scotland. It is argued that, though this 
would need considerable capital expendi- 
ture, there is no direction in which capital 
expenditure would yield more certain 
dividends to the nation, or make a more 
substantial contribution to the balance of 
trade. Even if all this were to come to 
pass, we shall still need to import food for 
twenty to twenty-five million people unless 
there is to be a large outward movement of 
population; and we must not lose sight 
of the fact that at least twenty million 
people are added to the population of the 
world every year, and that it is conceivable 
that in another seventy years, or even less, 
the world population will have doubled. 
Whatever other countries may do, it is 
our bounden duty, and the only certain 
way of safeguarding our future so long as 
we remain a large food-importing country, 
to develop our Colonial territories, par- 
ticularly the underpopulated African 
Colonies, where the increase in population 
that would follow the control of disease 
and the increase of food supply would 
open fresh markets for international 
trade. This great task will call for the 
intensive application of science, in col- 
laboration with other countries. The tale 
of plant disease in our Colonies, for 
example, is a sorry one. I shall predict 
that unless the prevention of disease among 
plants and animals, and all other scientific 
problems of the supply of food, are studied 
on the same kind of scale, by men of 
similar calibre, as are the problems of 
human health, chaos and misery will 
result. Whatever new comforts and luxur- 
ies may be provided in future by the ad- 
vance of physical science, it is on the 
development of the biological sciences that 
the peace and prosperity of the world will 
largely depend.” 


Sir Henry concluded with these words: 
“This is a time for adventure; for taking 
risks. Calculated risks, of course; but not 
so nicely or so lengthily calculated that they 
are taken too late. My contacts with Uni- 
versities and with industry are not now so 
frequent or so close as I should like them to 
be; but they are enough to convince me that 
the spirit of adventure in science is as lively 
as it ever was. It is that spirit which will 
largely determine the future. Many years 
hence, when a President of the British 
Association reviews the progress of the 
nation from the depths of bankruptcy to 
new and unsurpassed heights of prosperity 
and influence, he may well have occasion to 
refer, as I did at the beginning of this 
address, to the great influence of the work 
of a few young men, who are now unknown 
to the public; and he may justly claim that 
the chief cause of the change was that we 
had found the right way to combine origin- 
ality in science with enterprise and speed in 
its application.” 


* * * * 


A Malthusian Prospect 


THE threat of famine, which in so few 
years has ousted the Age of Plenty 
predicted by scientific meetings prior to 
war, was mentioned at several sessions. 








THE Weald has contributed much to 
the development of the field sciences 
and still offers a rich field, both for 
large-scale organised research and for 
the work of the true scientific amateur, 
without whose full and untrammelled 
inquiries British science would have 
been incomparably the poorer. The 
report of the Committee on National 
Parks commends for conservation 
large parts of the downs, the forest 
ridges, the Hindhead-Blackdown 





The Weald as a Field Laboratory 


country and Dungeness. These need 
protection, not only on grounds of 
amenity and recreation, but because 
they are essential field laboratories for 
future British scientists and will con- 
tinue to repay study both as the source 
of ‘pure’ knowledge and the breeding 
ground of materially beneficient appli- 
cations—Prof. S. W. Wooldridge, of 
King’s College, London University, in 
his Lecture on the Weald and the study 
of field sciences. 








On September 9 the Chemistry and 
Agricultural Sections held a joint meeting 
at which this theme was discussed to- 
gether with what should be done in 
agriculture to secure freedom from hunger. 
Prof. G. Scott Robertson’s presidential 
address to Section M (Agriculture) was 
on “Agriculture and the World Food 
Problem.”’ Prof. Robertson was unable 
to attend owing to illness and his paper 
was read for him by Prof. R. G. Baskett. 

Prof. Robertson held that since the 
second World War the Atlantic Charter 
phrase about *““Freedom From Want” was 
having as much influence on world policies 
as the phrase “struggle for existence” 
in Malthus’s paper on population (pub- 
lished in 1798) had on the development of 
biological science. Up to Malthus’s time 
the world had gone through centuries of 
want and famine and no material progress 
was possible. The human race was 
dependent upon hand labour and a man 
with hand tools can provide scant supplies 
for the feeding and clothing of himself and 
his family, let alone the soldiers, artisans 
and others not directly engaged in pro- 
duction. It was a world of constant want, 
almost constant war, and subject to great 
famines and pestilences. A conquering 
nation could support its people at the 
expense of what amounted to the exter- 
mination of the vanquished. There was 
on future for Europe other than the life 
that can be seen in, say, India and China 
to this day where increasing pressure of 
population depending on supplies of hand 
labour has led to increasing want and 
degradation. 

“That was the position in Europe at 
the end of the eighteenth century, and if 
you go back through the centuries which 
preceded, there was no ground for hope 
and no expectation of relief,’ went 
on Prof. Robertson. ‘Nevertheless the 
miracle happened. The invention of 
machinery at the beginning of the nine- 
teenth century, in which Great Britain 
played such a prominent part, the dis- 
covery and application of artificial ferti- 
lisers to the soils of Europe, and the open- 
ing up of the great continent of North 
America, brought about for the next 
hundred years or so an abundance of 
food. It was a period of plenty; the fear 
of want and famine rapidly disappeared. 
In that short period of 100 to 150 years 
there was more material progress than in 
the 10,000 years which had preceded it. 

‘‘What we are in very serious danger of 
forgetting today is that this period of 
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regional prosperity and freedom from 
want=—a period of 150 years—is a very 
short period compared with the 10,000 
years which preceded it. Which is to be 
the normal future of the world, the 150 
years of relative plenty or the want 
and even famine of the previous 10,000 
years?” 

In looking at this, the supreme problem 
of today, two important factors must be 
remembered. First, the great increase in 
the world’s population; Europe alone has 
seen an increase from 200 to 500 millions 
in a century. The world’s population is 
increasing by 20 millions a year. The 
second important factor is the tremendous 
improvement in the standard of living in 
the more advanced countries compared 
with the backward countries and the 
declared intention of the nations of 
the world to make that improvement 
general. 

Optimism about the future was ex- 
pressed in Prof. Robertson’s prediction 
that, at a very conservative estimate, it 
would be possible to double, even treble, 
production of food in a relatively short 
time. This could be done by a peaceful 
world that set itself the task of applying 
the knowledge we already have in pre- 
venting soil wastage by erosion, of 
increasing production by irrigation, by 
the application of the exacting knowledge 
of plant breeding, application of fertilisers, 
in the mechanisation of the work on the 
land, not forgetting the electrification of 
the farm buildings and homes, and by 
developing rapidly the application of 
genetical science to the breeding of our 
farm animals the world over. 

The professor focused attention on the 
neglect of grass, the best feeding known 
for dairy cows and fattening cattle. “All 
the science of nutrition cannot replace 
grass,” he stated. 

The utilisation of grass for winter 
livestock and resultant products is, there- 
fore, a matter of some urgency and of 
great importance in minimising the 
competition of the animal world with the 
human population for cereals. Whether 
the answer is ‘dried grass’ or ‘grass silage’ 
remains to be seen, probably both, the 
former on the bigger farms and grass 
silage on the smaller ones. But whatever 
the method of conserving grass it must be 
so mechanised that conservation can be 
carried through in all its stages on a 30- 
to 50-acre farm by a man and a boy. The 
problem is an urgent one, especially from 
a European view-point. 








Wastage of farm produce through the 
depredations of the mites, insects and 
rodents is almost incredible. These pests 
destroy every year grain equivalent to all 
the food travelling into international trade 
—that is to say approximately 65,000,000 
tons of grain per annum. A decrease in 
these losses by only 10°, would mean an 
addition of 63 million tons of grain avail- 
able for the hard-pressed European larder 
and would go a long way to close the 
cereal gap. Science knows how to control 
these stupendous losses. Pests and dis- 
eases know no regional or national 
boundaries and this and many other 
equally serious losses of food supplies can 
only be dealt with by concerted action on 
an international basis. International 
action, organised by FAO, was essential 
here, commented Prof. Robertson. 


51 Yards Square 


Sirk JoHN RusseLt brought home to the 
audience the urgent problem of safe- 
guarding Britain’s food supplies with a 
brilliant analysis of Britain’s part in the 
world agricultural pattern. Britain must 
reduce its call on other countries for food, 
he said, a need now universally recognised 
in principle. *““Unfortunately our area of 
cultivated land is steadily shrinking, a 
quite modern phenomenon. In 1891 we 
had in England and Wales nearly one acre 
of cultivated land per head; in 1947 we 
had little more than half an acre—O-56 
acres, just an area 51 yards each way,’ 
stated Sir John. 

We are still cutting into that area as 
new housing, aerodromes, surface mining 
and military training are taking more 
room. These items have been responsible 
for a loss to farming of about one million 
acres since 1891. In addition nearly 2} 
million acres of cultivated land have been 
abandoned since 1891, and are now rough 
grazing. Scotland has lost nearly 17 
million acres of farmland in this way. 

In the past the reverse process, reclama- 
tion, has been due to enterprising land- 
owners and farmers. Recently War 
Agricultural Committees have done some 
reclamation, but in the main this work has 


not proved very suitable for them. Re- 
clamation is a personal rather than 
impersonal effort. Said Sir John: *“Some- 


thing might be done by offering the land 
free of charge for, say, 99 years to farmers 
or groups of people who would undertake 
to bring it into cultivation and maintain 
it in cultivation. Refugees now idle in 
Europe or in this country might find this 
kind of work attractive. The motive 
would need to be something other than 
financial.” 

Sir John spoke of the British trend 
towards reliance on arable crops rather 
than livestock. Before 1939 home-pro- 
duced food gave us 30°, of our calories, 
about 60°, being in the form of livestock 
produce. Now it gives us about 40% of 
our calories, but only 30°, of this comes 
from livestock produce. “Obviously if 
the public could be led further in these 
directions we could still further reduce 
our land requirements. It is essential, 
however, to move in the direction of 
higher rather than lower dietary,” added 
Sir John. 





Sir John Russell, next year’s President 


Crop yields per acre could be raised. 
In the period 1891 onwards yields have 
increased by 0°3°% to 04° per year— 
about a third of a hundredweight per 
acre in the case of potatoes. This rise 
does not appear to be falling off. 


Operational Research as a way 
to Better Farming 

Agricultural history shows, however, 
that the big advances in productivity 
have come from radical changes in farm- 
ing systems rather than from improve- 
ments in details. Big farmers and land- 
owners like Townshend and Coke carried 
farming forward at a bound by their 
improved methods which were so striking 
as to need no statistical demonstration. 
Present-day conditions are against enter- 
prises of that sort, while our present 
organisation of agricultural research is 
not adapted to them. ‘““We need a new 
type of agricultural research correspond- 
ing to the ‘operational research’ of large- 
scale industry,” said Sir John. “It would 
be necessary to study closely the methods 


of successful A farmers (who : old 
more than half our farms and nearly 
two-thirds of the agricultural land). De- 


tailed study of these enterprises should 
show the principles underlying _ their 
success and open the way to some advance 
comparable with that resulting from the 
change from the Three-Field system to the 
Norfolk rotation.” 


How can extra fat be obtained? 


Prof. T. P. Hilditch, expert on fat 
chemistry from Liverpool University, 
discussed the factors involved in ensuring 
adequate fat supplies for Britain and the 
Commonwealth. Britain could com- 


fortably absorb over one million tons of 


imported edible fats each year, he stated; 
another 300,000 tons could be usefully 
converted into soaps and the paint and 
other industries needed about another 
250,000 tons. 
butter, lard, etc., was 12 oz. per head per 
week, giving a total of 800,000 tons a 
year. The discrepancy between this 12 oz. 
and the 30 oz. of America was partly 
accounted for by the fat content of the 
milk, eggs, bacon and meat in the British 
diet. From the standpoint of a properly 
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Pre-war consumption of 


balanced diet it is just as Important to 
increase the milk, eggs, bacon and meat 
rations (and to restore the Proportion 
of fat in the latter two commodities) as 
to restore the quantity of purchased 
fat to the pre-war level—urgent as the 
latter undoubtedly i iS. 

Pre-war fat imports, amounting to 
1,600,000 tons, met Britain’s needs 
By 1945-46 import figures had fallen to 
under the million tons. Imports of butter, 
lard and whale oil were now only two. 
fifths, one half and one half respectively 
of pre-war. The position with regard to 
supplies from oil-bearing seeds was better: 
in 1938 this source provided about 800,00 
tons, half our total fat imports: in 1946. 
about 600,000 tons were imported, repre. 
senting 65% of total fat imports. 

Prof. Hilditch explained how oilseed 
crops thrive best in tropical or sub-tropi- 
cal conditions, so that the most favour. 
able regions in the Commonwealth for 
their cultivation are : Central or Southern 
Central Africa, the East Indies and (so 
far as capacity to export permits) India. 
The groundnut project recently started in 
Tanganyika which should eventually 
produce yearly over 200,000 tons of 
groundnut oil he described as the most 
comprehensive oilseed undertaking so far 
set on foot. 

The experience gained in this effort will 
be extremely useful for future develop. 
ment of other oilseed crops, of which not 
a few await similar expansion. 

He also spoke of suitable substitutes 
for linseed oil, upon which the paint and 
linoleum industries have become too 
reliant. Among the possible substitutes 
under survey by the Colonial Products 
Research Council are the oils of candle- 
nuts, the conophor vine, sa ower seed, 
niger seed, sunflower seed, soya beans and 
rubber seed produced in large amounts 
in the rubber plantations. 

But Prof. Hilditch warned that there 
is no short cut to the elimination of fat 
shortages, which could come only with 
the large-scale development of oilseed 
crops. 


Food and the Colonies 


Two of the themes—the world food 
shortage and the paramount importance 
of the role biologists have to play in its 
solution—in Sir Henry Tizard’s presi- 
dential address were brought together in 
the whole-day session devoted to biologi- 
cal aspects of colonial development orgar- 
ised by the Zoologists on September 9. 
A first-hand account of the East African 
groundnut scheme was given by A. J 
Wakefield, and his audience gained a ver 
clear impression of the scale of the enter- 
prise from a colour film by Clyde Higgs 
showing the clearing of the bush }b 
bulldozers and 175 h.p. tractors, plough- 
ing and sowing of the crop. One encourag: 
ing point that was mentioned was th 
absence of any disease among the ground: 
nut crop so far raised. 

In Central Africa there is a great short 
age of protein foods. So scarce are such 
foods that even insect grubs found in 
refuse heaps are a welcome addition to the 
diet of certain tribes. Supplies of meat ar 
poor and will remain low until the tsets 
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fly is vanquished. One of the most impor- 
tant sources of first-class protein is the 
freshwater fisheries, and to study the 
problems involved in developing such 
fisheries a research station has been set 
up on Lake Victoria. Much work has 
already been done in the fish of Lake 
Nyasa, a stretch of water 350 miles long 
by 50 miles wide. Miss Rosemary H. 
Lowe told the meeting of results of 
research on the fish called Tilapia, whose 
six species are the most important food 
fishes among the 220 species that live in 
Lake Nyasa. These Jilapias, which feed 
on algae, grow to a pound in weight. 
The young are carried in the mouth of the 
females, SO many are destroyed.when the 
adults are caught in nets; captured 
females may spit out the young, but as 
these have an instinct to swim into the 
open mouth of any fish they have little 
chance of survival as most must find their 
way into the maws of predators. The 
species Of Tilapia in Lake Nyasa form a 
series ranging from inshore waters to 
open waters. Catches of inshore fish are 
low, probably because of over-fishing 
which needs to be controlled. The inshore 
fishing is done by natives using seine nets 
which they weave out of native fibres, 
or out of threads dissected from second- 
hand motor car tyres (which fetch 
fabulous prices!). Most of the fishing is 
done at the south-east end of the lake, by 
an Indian and a Greek firm trawling with 
marine nets in Open water. The major 
firm catches over a thousand tons a year; 
the fish, after freezing, drying or salting, 
is dispatched to towns as far away as 
Salisbury. 

Dr. N. A. Mackintosh did not hold out 
much hope that whaling could be devel- 
oped to add to colonial food supplies as 
the colonies have no access t§ the main 
herds of whales apart from the Falkland 
Isles. He thought the Falkland Isles could 
provide 20,000 tons of whale oil. Whales 
might be caught also in the Seychelles, 
Mauritius and the Fiji regions; Dr. 
Wheeier and Dr. Ommaney are exploring 
around the Seychelles and they will be 
reporting on the prospects for whale 
fishing there. 


Africa’s Termites 

In a general review, Sir Frank Stock- 
dale spoke of encouraging progress made 
on the tsetse fly plague, by means of bush 
clearance and the use of DDT sprays. The 
tsetse, affecting an area 75 times the size 
of Britain, is one of the most serious pests 
encountered in Africa; in Tanganyika, for 
instance, it is widespread over two-thirds 
of the country. To minimise the attack 
of diseases such as rinderpest more 
veterinary officers are needed. Attempts 
to control locusts in Africa have proved 
Successful (e.g. the Red Locust in Tan- 
ganyika; see Discovery, July 1948), but 
termites remain unchecked. A _ termite 
expert was needed at the Natural History 
Museum in London and also a team to 
work in Africa in the same way as the 
team which had evolved satisfactory 
control measures against locusts. There 
Was a good deal of local knowledge about 
termites which needed to be collated and 
expanded by research. Several important 


crops are threatened by virus and fungus 
diseases (e.g. swollen shoot of Cocoa and 
Panama disease of bananas) and research 
is needed on these. The highest priority 
should be given to the improvement of 
nutrition, and particular attention should 
be paid to protein supplies. Colonial 
seas and freshwater needed cataloguing in 
terms of the availability of food fishes. 


Hormones and Milk 

The subject of the physiology of lacta- 
tion brought the physiologists and agri- 
culturists together for a joint discussion. 
Dr. S. J. Folley said that recent successes 
obtained with thé use of hormones to 
induce artificial lactation tended to ob- 
scure the fact that lactation is controlled 
by the nervous system and hormones. 
He spoke of two neuro-hormonal mechan- 
isms that have been discovered. First, 
there is evidence for the nervous regula- 
tion of the secretion by the anterior 
pituitary of hormones, notably prolactin, 
governing the initiation and maintenance 
of milk secretion. The suckling stimulus 
apparently causes reflex secretion of 
prolactin, and so is of importance not 
only in initiating milk secretion but also 
in maintaining it. Nervous and endocrine 
mechanisms also co-operate in controlling 
the expulsion of milk from the mammary 
tissues. Milk does not flow freely from 
the alveoli as secreted, but must be ex- 
pelled by acontractile mechanism. Recent 
work indicates that the contraction 1s 
due to a hormone called oxytocin ‘re- 
flexly” secreted by the posterior pituitary. 

Dr. K. L. Blaxter described the treat- 
ment of dairy cattle with hormones on a 
practical scale. He said the technique 
could be used on animals whose secretion 
of hormones was abnormally low, and 
there was also the widespread treatment of 
perfectly normal animals to increase their 
milk yield. Synthetic oestrogens and 
iodinated proteins which contafn the 
hormone thyroxine are being used for this 
purpose on a fairly large scale. (The 
thyroxine in iodinated proteins induces 
an increase of 50°, in milk production). 
Dr. Blaxter also described how synthetic 
oestrogens are used to induce lactation 
in barren cows and virgin heifers. 


Hybrid Vigour gives More 
Maize, More Sugar 


GENETICS came well to the fore in the 
meetings of the biological sections, and 
indeed on the notice board in the Tech- 
nical College, where Sections K (Botany) 
and D (Zoology) held their meetings, 
Genetics was given equal rank alongside 
Botany and Zoology—a befitting sign 
that the British Association recognises 
that Genetics is one of the fronts on which 
very active advances are being made. 
On September 10 the zoologists and botan- 
ists, along with the members of the sub- 
section of Section K devoted to Forestry, 
held a joint discussion on inbreeding and 
hybrid vigour in livestock and crop 
improvement. 

The opening paper, by Prof. R. A. 
‘Fisher, dealt with the theory of inbreeding, 
and he took the view that in practical 
plant improvement this tool had been so 
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successful that it was bound to be exten- 
sively used both in animal and plant 
improvement in the future. But theoretical 
understanding of its modus operandi was 
lacking, even in the field of maize Genetics 
where most work has been done. 

The story of hybrid maize—from the 
pioneer days, when Henry Wallace laid 
his most permanent claim to fame by 
marketing hybrid corn, to the present time 
—was told by Gordon Haskell of the 
John Innes Horticultural Institution. He 
said that in the United States 90 million 
acres of land grow maize, and 62 million 
are planted with hybrid seed. This means 
something like 8 million bushels of hybrid 
seed are planted yearly, so its production 
is important. Mr. Haskell quoted the 
case of Iowa, a Corn Belt State; in 1933 
practically no hybrid maize was grown, 
whereas today nearly all seed planted is 
hybrid. Such seed could be grown to the 
great advantage of S. Europe (e.g. Italy), 
India and China; maize can also be grown 
in the’ British Commonwealth (e.g. 
Rhodesia) and here again hybrid seed 
should be used. Mr. Haskell outlined the 
technique of producing hybrid corn, which 
is made easy by the fact that the pollen 
is produced in ‘tassels’ of ‘male’ flowers 
at the top of the plant which open about 
two days before the female ‘ears’ which 
grow lower down, an arrangement which 
makes for cross-pollination under natural 
conditions. One strain of maize is inbred 
for three to five generations, and the pure 
line so obtained is used as a female parent 
(the tassels being removed): another is 
used as a male parent. The result of 
crossing the two are seeds which grow 
into plants that show what is called 
‘hybrid vigour’-—they grow faster, and 
bear larger ‘corn cobs.’ It has been sug- 
gested that these hybrids achieve more 
rapid growth than their inbred parents 
because they produce more growth- 
promoting substances. Even better hy brid 
seed is obtained by ‘double crossing’: four 
different sets of inbred parents are involved 
here; one hybrid is produced by crossing 
inbred Parents A and B, and a second 
hybrid is produced by Parents C and D; 
crossing the first hybrid with the second 
gives a hybrid corn more uniform and 
therefore more suited to mechanical 
picking than any of its ancestors. In 
America hybrid corn has been described 
as the greatest contribution yet made to 
agriculture by genetics, and many farmers 
now know from experience that “hybrid 
vigour makes corn yield bigger”. 

Yields of sugar from sugar beet can 
similarly be increased by using hybrid 
seed, as was described by the Swedish 
plant breeder, Dr. J. Rasmusson, who 
also mentioned the 5°, increase from 
triploid seed. 


Henry Wallace’s Hybrid Chicks 


The phenomenon of hybrid vigour can 
be exploited in the case of chickens, and 
Dr. H. P. Donald told the meeting about 
the hybrid chicks produced by Henry 
Wallace—known commercially as Hy- 
line chicks. These are being sold by the 
million, and their advantage is that they 
give a larger number of hens which sur- 
vive to lay eggs. He also described the 








work of the U.S. Regional Swine Breeding 
Laboratory, which is doing a great deal 
of work on inbreeding with the eventual 
aim of getting crosses that show hybrid 
vigour. Among the effects resulting from 
rigorous inbreeding in pigs are general 
reduction of vigour, lower vitality and 
lower fertility; deformities such as split 
palates turn up often in inbreeding, so 
the process is a dangerous one to recom- 
mend to ordinary farmers. A few of these 
inbred lines of pig give hybrid vigour on 
crossing, but the whole procedure has to 
carry heavy overheads as many of the 
deformed animals have to be scrapped. 
Hence the trend is to leave the risks and 
rewards to institutions like the Regional 
Swine Breeding Laboratory. 


Wide Crossing of Cattle for 
Tropics 

Dr. Donald also spoke of the breeding 
of new hybrids to fit new territories, and 
cited the case of the Zebu (Indian cattle) 
and Hereford cross which is proving 
useful in Queensland. The hybrid inherits 
from the Zebu parent tolerance to heat 
and also the quality of tick-repellence. In 
the sub-tropical climate of Queensland, 
which suffers from severe drought, it 
reaches marketable weight much earlier 
than British breeds of cattle. It is, how- 
ever, rather intractable and difficult to 
herd, but its superiority over ordinary 
breeds is such as to warrant outlay on 
vards and stockmen to an extent far 
greater than is practised at present. Use 
of such crosses would make it possible 
to raise beef in many parts of the world 
where there is a protein shortage. 

In his summing-up of this. session 
Prof. K. Mather referred to the peril of the 
excessive uniformity in modern farm 
crops which has developed particularly in 
response to the requirements of mechan- 
ised agriculture. He quoted maize in 
America, where it could happen that with 
one week of dry wind all the pollen could 
be killed and no seed be set. A uniform 
variety was also more liable to be wiped 
out by a new fungus, or virus-disease. He 
said deliberate steps should be taken to 
preserve genetic variation for future use; 
in the case of maize, genetic resources 


were being lost by modern breeding 
methods, though this effect is partly 
offset by natural mutations. 
Economics and Fools’ 

Paradises 

Sir HuBERT HENDERSON, 1n his _ presi- 


dential address to the Economics Section 
on “The Price System’, was _ highly 
critical of economists of diverse schools 
of thought who—*‘during a period in 
which the British people have been faced 
with most formidable economic diffi- 
culties, to surmount which it is important 
above all else to appreciate the magnitude 
of the effort required’’°—have been behav- 
ing like “the most extravagant 
propagandists of go-easy illusions, the 
most gushing salesmen enervating Fools’ 
Paradises.”’ 

The price system, he said, was an 
inevitable outcome of the use of money, 
and provided the principal criterion for 


resolving every problem of economic 
choice, both the problems of an individual 
arranging the distribution of his personal 
expenditure, and those of a manufacturer 
in organising his processes of production. 

Even when our economic activities were 
Subject to a multitude of physical con- 
trols, and even if most of our major 
industries were to be nationalised, the 
influence of the configuration of prices 
which existed at any time remained 
strong, far-reaching and fundamental. 

It was important that this influence 
should be a healthy one, that the con- 
figuration of prices should be such as to 
pull in directions which accorded with 
the public interest. The price criterion 
might work very badly if the relations 
between different prices were distorted. 

Was there sucha thing as a right price in 
times of large-scale economic maladjust- 
ment? The point of view of the “price 
system ideologues” was: Let the State 
attend to the balance between aggregate 
demand and aggregate supply. Let it 
concentrate on that one all-important 
equation, and leave to the free play of 
impersonal economic forces all the de- 
tailed adjustments of the economic 
system. Let the State see that global 
equilibrium was established, and it need 
not worry about particular disequilibria. 
It could then leave the producer free to 
produce what he chose as he chose, in 
response to the inducements and deterrents 
of the price system; and it could restore 
a similar freedom of choice to the con- 
sumer, including the choice between home- 
produced and imported goods. 

This might be summed up in the phrase: 
*“Equate aggregate demand to aggregate 
supply and set the price system free.’ 
Such a synthesis was badly needed, but he 
could not find it in that formula. 

He agreed it was important to eliminate 
the excess of overall demand in our internal 
economy, and the elimination of the 
general inflationary trend would enable 
us to dispense with many controls. But 
it would not enable us to do away with 
all. Direct physical controls, working 
otherwise than through the price system, 
would remain indispensable in some 
important sections of the economy. In 
particular, the regulation of long-term 
capital expenditure and of imports. 

In a free economy in which the price 
mechanisms worked efficiently for a par- 
ticular commodity, the long-run equili- 
brium price corresponded to the cost of 
producing it including in that a fair 
profit of margin. But when the mal- 
adjustments to be corrected are very large, 
the picture was different. If it was a case 
of a large excess of demand over supply, 
the short-term equilibrium price might be 
very high indeed, much higher than was 
useful in stimulating additional produc- 
tion. It was a mistake, therefore, to 
suppose that in such conditions the 
theoretical short-term equilibrium price 
was either what they wanted, or what they 
normally got in a free economy; or that 
relative prices would be “right” if the 
State did not interfere with them by 
controls and subsidies. 

The large and persistent deficit in our 
balance of international payment was the 
most formidable of our national economic 
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problems. If the removal of impor 
restrictions were not to result in increase 
expenditure on imported goods our aggre. 
gate consumption of goods and servicg 
might have to be reduced by 20°% or mor 
We had to keep our imports ‘down and 
get our exports up as well. That dispose 
of the doctrine that if global equilibriuy 
were re-established they could leave th; 
balance of payments to take care of itself 

There was another argument used } 
the price system ideologues. That wa 
that disequilibria in the balance of pay. 
ments could be corrected by variation 
in foreign exchange rates. 

For correcting a huge maladjustmer 
in the balance of payments such as cop. 
fronted Great Britain, counter-inflatiop. 
ary financial measures, though helpful 
could not suffice: and exchange-rat: 
variations might be harmful. It wa 
essential to keep down the volume o 
our import purchases as effectively a 
they now did by means of import restric. 
tions. And not only to keep down thei 
total volume, but more particularly tha 
part of them that came from hard-cur. 
rency areas. 

Finally, he thought there was a stron, 
case for regulating the demand for capita 
goods, as an extremely high rate of interes 
might be needed to equate the rate of rea 
investment to the rate of saving. 


Radical Changes in Psychology 
THE chief trends during the past sixt 
years in the scope, method and applic: 
tion of psychology were reviewed b 
Prof. Rex Knight in his presidential 
address on ‘Present-day Trends ir 
British Psychology” to the Psycholog 
section. Present-day trends were from 
mental exp#riences to the integral, psycho: 
physical man, from cognition to motiva: 
tion, from the individual in isolation to 
the individual as a member of society. 
from qualitative observation to quantita: 
tive measurement, and from pure psy 
chology to applied. 

Prof. Knight began with Ward’ 
famous article on “Psychology”, in the 
Encyclopedia Britannica in 1886. ft 
those days psychology generally had th 
following five characteristics: it treate¢ 
man as though he were a disembodiec 
spirit; it was almost exclusively concernet 
with the processes involved in the acquis: 
tion of knowledge; it neglected animals 
and, among human beings, paid littl 
attention to children, primitive people. 
or the abnormal; it regarded man main 
as an isolated individual; and it hac 
nothing to say about psychometry. A‘ 
present-day British psychology had non 
of those five characteristics, it was instruc: 
tive to examine each in turn, and to cor 
sider the trend that its disappearanc 
indicated. 

In the first place, in 1886 the view that 
man was an embodied mind, or an animaté 
organism, was not regarded with favou! 
by most of the philosophers who thet 
were responsible for most of the teaching 
of psychology. 

In contrast, every present-day Univer 
sity course is based on the view that know 
ledge of certain physiological facts, pat 
ticularly facts about the sense organs, the 
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nervous system and the endocrine organs, 
is indispensable to the study of thought 
and behaviour. 

Influences that have helped to establish 
physiological psychology have been the 
gradual acceptance of the evolutionary 
theory, with its tendency to assimilate 
the study of man to the study of the other 
animals, and the researches of neurolo- 
gists, like Lashley and Sherrington, who 
set out to explore the functions of the 
nervous system and the connexion be- 
tween mental and physiological processes. 
But the greatest influence has been that of 
the Behaviourists, especially Watson. 

Secondly, British psychology in 1886 
was preoccupied with cognition. Bain 
had devoted a great deal of attention to 
motivation. But here, as elsewhere, his 
example was not widely followed. Ward’s 
article, although it stressed the general 
importance of conation in all mental 
activity, had little to say about our feelings 
and desires: it was almost wholly con- 
cerned with sensation, perception, imagery, 
memory, reasoning, and other intellectual 
processes. 

Present-day psychology is at least as 
much concerned with the springs of 
thought and action, and the nature of 
personality, as with the processes involved 
in the acquisition of knowledge. This 
change was brought about chiefly by 
James, McDougall, and Freud. 

Thirdly, British psychology used to be 
mainly concerned with ascertaining the 
nature and inter-relations of what was 
called ‘developed consciousness’. Ward 
recognised that the psychologist is entitled 
to take account of ‘the materials furnished 
by his observation of other men, of 
infants, of the lower animals, or of the 
insane’; and, like Stout, he had once 
hoped to provide a genetic treatment of 
mental processes ‘from the lowest planes 
to the highest’. In actual practice, how- 
ever, both these psychologists concerned 
themselves mainly with human _ beings, 
and with human beings who were adult, 
civilised and normal. The neglect of 
animal psychology by academic teachers 
in the eighties was ‘not due to its non- 
existence. The new, evolutionary outlook 
in biology, and the inspiration of Darwin 
and Spencer, had already directed atten- 
tion to the mental experiences of animals. 

The study of the mental processes and 
behaviour of animals did not achieve an 
established place in psychology until the 
nineties, when in England Lloyd Morgan 
began to observe the behaviour of animals 
in their normal -environment, and in 
America Thorndike, with his puzzle- 
boxes, began his series of laboratory 
investigations into the process of learning 
in cats, dogs and chickens. Since then, 
discussions about animal intelligence and 
behaviour became prominent also as a 
result of the work on conditioned reflexes 
of Pavlov and Bechterev, the controversies 
about the role of instinct and insight in 
animal learning raised by the Behaviourists 
and the Gestalt psychologists, and Mc- 
Dougall’s prolonged but fruitless attempt 
to rehabilitate the Lamarckian doctrine. 

Child psychology, too, has arrived 
during the past sixty years. Prof. Knight 
cited here the work of Sully, Stanley 
Hall, and Mark Baldwin. In this con- 


nexion, Burt’s influence has been impor- 
tant. His Young Delinquent, so far as 
Great Britain was concerned, was the 


fons et origo of ‘child guidance.’ 


A great impetus was given to child 
psychology by Freud and Adler, who, 
however much they differed in other 
respects, both emphasised the importance 
of infancy in emotional growth, and taught 
that the conflicts that cause breakdown 
in adult life are those that revive the 
unresolved conflicts of childhood. Also, 
the Behaviourist view, that children can 
be moulded in any of an indefinite number 
of ways by merely establishing in them the 
appropriate conditioned reflexes, has 
naturally met with an enthusiastic recep- 
tion among those who believe, or at least 
hope, that all human defects and failings 
are mainly the result of a faulty environ- 
ment and can be prevented by proper 
training and care. 

Anthropological psychology arose from 
the general interest in the development 
of human life that the theory of evolution 
and the influence of the great Victorian 
scientists had aroused. At the end of the 
century, when Frazer’s Golden Bough had 
begun to produce its momentous effects, 
psychologists began clearly to see that the 
study of savages is important not only, 
for its own sake, but also for the way in 
which it illuminates all human behaviour. 
By that time, social anthropology had 
become practically useful as well as 
theoretically interesting, because prob- 
lems of colonial administration in Africa 
and elsewhere had demonstrated the need 
for a fuller understanding of primitive 
people and their social organisation. 
Moreover, some of the social anthropolo- 
gists began to be much influenced by 
hypotheses and concepts that psycholo- 
gists had developed. There are now few 
British universities in which students can 
study psychology and be left unacquainted 
with Frazer's account of magic and 
religion, Marett’s insistence on the impor- 
tance of ‘mana’, Freud’s Totem and Taboo, 
or the findings that have issued from the 
field-researches of such anthropologists 
as Malinowski, Ruth Benedict and 
Margaret Mead. 

Abnormal psychology has made great 
strides. Sixty years ago British psychology 
did not altogether neglect previous work 
connected with hypnotic phenomena, and 
with the distinction between insanity, 
mental deficiency and criminality; but its 
concern with the ‘normal’ human being 
was almost, if not quite, exclusive. It 
was the French Psychologists, Charcot, 
Ribot, Janet and Binet, who originated the 
modern development of psychopathology. 
Freud and his associates have been the 


chief influences in the development of 


psychiatry during the present century, and 
their influence has not been confined to 
those who profess and call themselves 
psycho-analysts. But the contributions 
of Adler and Jung have also been impor- 
tant. In the two World Wars, which in- 
volved numerous mental as well as physi- 
cal casualties, it supplied the technique, 
which, along with such recent physical 
methods of psychiatry as insulin-shock 
and electrical convulsant therapy, enabled 
many mental disorders to be effectively 
treated. 


Fourthly, psychology in 1886 was 
generally regarded as the study of man as 
an isolated individual, and there was none 
of the present-day emphasis on the social 
aspects of thought and behaviour. Social 
psychology is now one of the most notable 
branches of the British psychological iree. 
Psychologists are concerning themselves 
with such social phenomena as class 
stratification, the cinema, propaganda, 
the social aspects of religious behaviour, 
and the forces that make for cohesion or 
conflict in occupational, regional, national, 
ethnic and other groups. They are also 
studying the statistical techniques most 
appropriate to subtle problems of social 
research, so that their concrete observa- 
tion can be controlled with technical 
rigour. And, finally, they are attempting 
to formulate the general hypotheses and 
systematic intellectual framework that 
are necessary if social surveys and similar 
factual studies are not merely to assist in 
the solution of practical problems, but also 
to contribute to psychological and socio- 
logical theory. . 

Fifthly, the last sixty years have wit- 
nessed the development of mental tests, 
which now include tests of various 
temperamental traits as well as tests of 
intelligence, special aptitudes and attain- 
ments. In a sense, Galton was the origina- 
tor of mental tests. But it was J. M. 
Cattell who invented the name ‘mental 
test’, when he used it in 1896 to describe 
psychological tests that he had applied to 
Columbia students; and mental tests, as 
we now know them, first began to be 
constructed in the early years of the present 
century. 

Although tests of temperament are 
comparatively recent and must be re- 
garded as still undergoing their trials, 
psychological tests of intelligence, apti- 
tude and attainment have now been in 
use for some fifty years. These tests have 
both a practical and a theoretical value, 
since they can be profitably employed, 
not only in the assessment of mental traits 
for practical purposes, but also in investt- 
gations into the nature and correlation of 
mental traits. Their practical uses are 
many and various. Among the chief of 
these are: the diagnosis of mental de- 
ficiency: the grading of pupils according 
to their ability and aptitude; and voca- 
tional guidance and selection. Mental 
tests, particularly tests of intelligence, are 
now widely employed in education as part 
(but, of course, only as part) of the 
procedure for promoting children from 
primary to secondary schools. And 
in the Second World War they were 
applied on a large scale in the British 
and American Forces as part of the 
selection procedure whereby recruits were 
assessed, and allocated to appropriate 
duties. 

British psychology has developed in 
method as well as in scope: In 1886 it 
was non-experimental. Experimental psy- 
chology did not get on to its feet until the 
beginning of the twentieth century, when 
McDougall, Myers, Spearman and Drever 
embarked on laboratory research and 
introduced laboratory work into their 
courses. It has made possible many of the 
advances in our understanding of physio- 
logical psychology, of perception, and of 








the factors involved in animal and human 
learning. 

It need not be stressed that expert 
Statistical control is indispensable. The 
Statistical side has received great attention 
The introduction of experimental and 
Statistical methods into psychology has 
dealt a death-blow to the reliance that 
used to be placed on anecdote. 

Apart from scope and method, psy- 
chology has also advanced in practical 
usefulness. 

Psychology is now being applied to 
many problems of practical life. 


Colour-Blind Sassenachs 

Dr. R. W. Pickford gave some inter- 
esting observations on the differences in 
colour vision shown by different races. 

He saw there was plenty of evidence 
showing that red-green blindness is de- 
cidedly less common among the peoples 
of West African, American Indian and 
other groups, such as the Papuans and 
Fijians, than it is among Caucasian 
peoples. It had also been shown that there 
is a widespread tendency among primitive 
races for weakness in sensitivity to blue, 
and this was reflected frequently in con- 
fusions of blue with green and the use of 
the same name for these colours. Red- 
green blindness is more common in the 
south and west of the British Isles, where 
earlier dark-skinned inhabitants may have 
been pushed by later Nordic invaders. 
Burt has also given evidence of a connex- 
ion between red-green defects and dark- 
ness of skin. pigmentation, but Pickford 
has shown that in a single area, the SW. 
part of Scotland, there was no such rela- 
tionship, which may be the result of racial 
purity in that area. With adequate tests, 
however, it was shown that dark-skinned 
races were less sensitive to yellow and blue 
than Europeans. 


Training the Half-Blind 


Dr. Leo Fucus told the Psychology 
Section of his training methods for the 
partially sighted. Himself blind, he read 
his paper in Braille. He gave details of 
how he had trained twelve partially-sighted 
persons on a great variety of short-cycle, 
repetitive operations in electrical, radio 
and light engineering. Except for three, 
they proved extremely satisfactory. 


Psychology of Anti-Semitism 


Dr. H. J. Eysenck, director of the 
Maudsley Hospital Psychological Depart- 
ment, in a paper on “The Psychology of 
Anti-Semitism,” showed that anti-Semit- 
isM Was nota specific reaction, but that it ts 
closely bound up with a large variety of 
social and political attitudes, with educa- 
tion and with sex, and that it can only be 
understood in terms of the most general 
investigation of the genesis and nature of 
social attitudes as a whole. The particular 
attitude-structure of the anti-Semite tends 
to occur in people who are emotionally 
unstable and immature. He thought the 
new methods of measurement used in 
studying this phenomenon were a step- 
ping-stone to the inauguration of a 


scientific programme devoted to. the 
reduction not only of anti-Semitism in 
particular but also of racial prejudice and 
the reduction of group tensions in general. 


Incentives 

Speaking on “On the nature of incen- 
tives’, Mr. Nigel Balchin, well known for 
his work on personnel selection in the 
Army (and author of The Small Back- 
room), said: “‘The astounding fact is that 
our old purely financial concepts are 
bankrupt, that in our world today the 
nature of incentives is nothing more than 
the nature of human motivation, that 
‘workers’ are nothing less than the human 
race, and that ‘work’ is and must be 
nothing less than life. It is as simple as 
that and we cannot avoid the tremendous 
implications of that simplicity.” 

Professor C. A. Mace said that on 
incentives we have reached a stage at 
which the development of science and the 
development of industrial procedures 
impinge upon politics and religion, and 
action is subject to emotional inhibitions. 
There is no very short-term policy which 
otters a promise of meeting the present 
demand for a stronger ‘will to work. 
That depends on underlying conditions 
of good ‘morale,’ and both good and bad 


morale is the product in the main of 
The foundation of 


slowly acting causes. 
a Satisfactory incentive system 
vocational guidance, vocational educa- 
tion, and the organisation of a social 
and industrial order in which co-operation 
springs from purposes genuinely shared 
by those who need to co-operate. The 
situation demands operational research 
in which management, with scientists in 
an advisory capacity, plan and carry out 
long-term programmes for the improve- 
ment of morale, the progress of which 
may be checked and assessed in a system- 
atic way. 

Mr. Adam Curle developed this by 
reference to work in primitive society 
which frequently was not differentiated 


lies in 


from many other life activities. The 
reason is because primitive society is 
closely integrated and internally con- 
sistent. But our own society is so seg- 


mented through rapid, unassimilated and 
unequal change that attitudes holding 
good in one sphere are not valid in an- 
other. This creates conflict and confusion 
in the individual who may feel injured, 
hunted and rejected, and often identifies 
society as a whole with the cause of his 
hurt. To avoid fresh hurt and confusion 
he therefore withdraws, not only from 
what is disintegrative, but also from what 
iS positive, insulating himself from deep 
emotional involvement. 

This affects not only his work, but his 
social and domestic existence. It is at this 
Stage that many subsidiary confusions 
and emotional pains arise, and it is these 
rather than the basic conditions which 
created them, with which so much of 
industrial psychology is concerned. This 
state can obviously not be altered by 
regression to primitive conditions, since 
we depend to operate democratic life on 
conscious purposes rather than blood 
identification. The need of the moment, 


S 


therefore, is a form of society in which the 
anxious tensions .resulting in withdrawal] 
and isolation from the integrated pur Poses 
of the group can be reduced. There js 
some evidence that this can be done ona 
small scale at the moment by an applica- 
tion of integrated social science tech. 
niques. 


Children and Cinema-going 


Mr. W. A. Simpson describing ‘The 
Emotional and Social Effects of Films 


on Adolescents,” gave details of the 
analysis of 12 films and their emotional 
effect on children from 13 years to 16 
years 11 months. Each film was seen by 
mare than 36 children. The emotional 
reactions depended very closely upon the 
content and emphasis of the individual 
film. More girls appeared to be suggest- 
ible to stimuli in films, especially where the 


.inhibited impulse of sadness was aroused. 


More girls tended to remember incidents. 
More boys (31°) than girls (20°,) felt 
more loving towards friends of the other 
sex, more girls felt more loving towards 
parents, and wished to help other people. 
35° of each sex wished to become char- 
acters. Only 7°, longed for more money, 
but more boys than girls (36% to 22%) 
found life dull, and more girls ‘than boys 
wished to travel. About 17° reported 
being shocked: the most frequent shock- 


ing incidents being ‘low-cut’ dresses, 
cruelty to animals and callousness to 
people. 


1261 boys and 899 girls answered the 
questions about imitation. The percen- 
tages of boys and girls who thought that 
boys imitated items in the films were not 
significantly different (dancing and love- 
making excepted). 
boys and girls for girls had the same 
trend, but the girls percentages were 
significantly higher for all items, except 
amusements and love-making (which were 
significantly lower). Girls imitated make- 
up, hair style and dress: and boys imitated 
hair style and dress. About half of each 
sex imitated ways of behaving, talking 
and amusement. It is obvious that the 
film has a considerable influence upon 
adolescent children, and it is very impor- 
tant that its influence upon the behaviour 
and values of those children should be 
one the majority of cultured people can 
commend. 

Mr. Philip A. D. Gardner, of the psycho- 
logical department of Glasgow Univer- 
sity, reported on peptic ulcer in an analysis 
of 300 patients selected at random from 
Western Infirmary. The incidence of 
peptic ulcer per 100,000 was 11 in 1924 
and 25 in 1939. It seemed to be confined 
to males, for there were 19 men to every 
woman affected. Roughly half the 
patients were peptic ulcer patients, and 
the other a mixed group of “other ill- 
nesses.” They were given a personality 
questionnaire and body measurements 
were taken. 

Perforation of ulcers occurred, claimed 
Mr. Gardner, most frequently in Decem- 
ber, and towards the end of the working 
week, least frequently on Sunday and 
Monday. There is no adequate expl: ina- 
tion of how the ulcer was found in the 
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lining of the stomach, but it was related 
to glandular secretion which depended on 
nervous behaviour, which in its turn was 
effected by the strains of living. 

Psycho-physical characteristics are a 
long thin angular face: a sharp nose; the 
absence of spare fat: deep lines from the 
corner of the nose to the mouth: an alert 
watchful aggressive expression suggesting 
continual apprehension. 

Asilent reading test devised by Dr. A. F. 
Freddie Watts and Dr. P. E. Vernon was 
used to investigate the illiteracy of post- 
war school leavers and recruits to the 


Services. Application of the test to some 
2000 children and 1000 18-year-old 
males indicated that: (1) there is an 


average decline of over a year in Reading 


Ages from pre-war standards; (2) the 
proportion of semi-literates (Reading 
Age under 9 years) is about 4% in 15- 


year-old children and in army recruits, 
instead of the normally quoted 10 to” 

20°; (3) the proportion ranges from 0° / 
in grammar, technical and _= selected 
schools to 14°. in some rural schools; 
(4) there does not appear to be the same 
decline in reading ability between 14 and 
18 as was found in spelling and arithmetic. 

The physiology and psychology section 
had a joint discussion on problems of 
old-age. Sir Ernest Rock-Carling said 
there is no warrant for retiring people at 
between 60 and 65. It was not reasonable 
to accept this at times of great change 
such as the present. The choice was 
dictated on sociological and not biological 
grounds, and until it could be proven that 
it was scientifically necessary let us main- 
tain that it is an error. Chronological 
age is no guide to capacity in the indi- 
vidual. It was not known how far the 
increased expectation of life is increasing 
working capacity. In 1948 a woman had 
20 more years of life than in 1895 anda 
man 173 years. Greatly increased num- 
bers of people were entering their sixth 
and seventh decades. The war experience 
on healthy young men_ showed that 
adaptability did not diminish with age, 
but that different types of jobs had to be 
done at different ages. In peace, too, 
strains may be too great to be borne 
throughout the years and the question of 
continuing at the same job should be 
considered. 

There were few controlled researches 
into the processes of ageing. Continuance 
in some Occupations was a sound recom- 
mendation for prolonging life. There was 
no medical reason why a proportion of 
the population should be retired compul- 
sorily at 65, for only one tn 30 was ailing 
Or decrepit. The actual numbers working 
after reaching the pensionable age are one 
or two millions. The country can draw 
upon a proportion of the elderly for pro- 
ductive work. Their disabilities of age 
can be offset by intelligent adaptation. 
War-time experience shows that they had 
less psychological weakness than the young 
and were a good steadying factor. 


Conserving Chemical Elements 


Predictions of world famine in lead, 
copper and Other essential elements are 
frequently made at scientific meetings: 
and though they do not fall into the ‘crying 


wolf” category the law of diminishing 
returns sets in at an early stage in this 
connextion and there are few signs that 
the amount of action taken to conserve 
vital elements bear any relation to the 
number of warnings scientists give that 
particular shortages lie just around the 
corner. A new warning was given at the 
Brighton meeting, but it was a_ useful 
warning and it emphasised that immedi- 
ately practicable steps could be taken to 
conserve resources, especially sulphur 
resources. 

This subject was brought up at a meet- 
ing of the Chemistry section. The first 
speech was made by Prof. J. D. Bernal, 
who approached the whole strategy of 
exploitation and conservation of ‘scarce’ 
elements in a very logical theoretical way. 
He stressed that the extremely rapid 
increase in the utilisation of materials of 
all kinds in industry and agriculture is 
beginning to be on such a scale that it 
affects the actual available supply of many 
of the elements and threatens to exhaust 
their most concentrated deposits in a 
matter of decades. If the rate of exploita- 
tion continues to grow at the present 
speed, it will be absolutely necessary to 
change the method of utilisation of many 
of the elements. This applies particularly 
to Great Britain. 

In an industrial system, elements do 
not remain in any fixed place, but go 
through a cycle in which they are combined 
in different ways with other elements and 
in which they are concentrated, dispersed 
and again concentrated. The cycle for the 
utilisation of any element has certain 
common features, though each element 
has its own special peculiarities. The 
phases of the cycle are roughly: collection, 
fabrication, use and recovery. 

The collection of most elements is by 
means of mining operations. The first 
to be exploited are the richest and most 
easily usable ores. In mining, a certain 
avoidable waste is left behind, or dumped 
as incapable of further extraction. In 
fabrication, a certain waste occurs, 
although owing to concentration of work 
recovery iS more easy. 

The element may appear either as a 
metal object (e.g. a steel rail) or as a 
chemical commodity (e.g. cement or 
sulphuric acid). The cycle for these two 
types of utilisation is different. 

The greatest dispersal occurs in use. 
There is some waste, but this may be 
small in proportion, as in the wear of 
metal parts; or it may involve the total 
destruction and dissipation of the material, 
as in the use of tetra-ethyl lead in petrol. 

In the past recovery has been incidental, 
and has affected only a small number of 
elements: either because, like gold, they 
were valuable, or, like iron, they were so 
common as to get in the way and demand 
disposal as scrap. 

What we need, said Prof. Bernal, is a 
general study of the principles of recovery 
and its systematic application to all 
elements with due priorities. The recovery 
process is limited by two major factors: 
permanence and dispersion. The largest 
loss must occur where elements originally 
concentrated and dispersed into’ such 
small pieces are alloyed or blended with 
others so that their recovery becomes a 

Y 


highly uneconomic process. Careful ex- 
amination is needed of every phase of the 
utilisation cycle in close conjunction with 
that of the whole industrial process, and 
with particular regard to the possibilities 
of research in making processes, parti- 
cularly the recovery process, economic. 

The most important new idea is that no 
element should be employed where its 
particular properties are not utilised to 
the full; such economical utilisation will, 
even in a comparatively short time, be 
actually to the advantage of the producers 
of this element, because in the resulting 
cheapening of all production and pro- 
cesses a greater effective demand for the 
element is bound to appear. A way of 
ensuring such economic use is by the 
extension of functional specification to the 
widest number of cases; that is, mot a 
specification for the use of such and such 
an element, but in specifying the fabrica- 
tion of a product with such and such 
physical or chemical properties. There are 
a few cases where the peculiar properties 
of an element seem absolutely essential: 
the use of mercury as a metallic liquid, 
or germanium as a_ semi-conductor. 
But in most cases there is a fairly wide 
range of substitution. 

Dr. R. P. Linstead, director of the 
Chemical Research Laboratory, Tedding- 
ton, said that more than half of his 
work was being spent on aspects of this 
problem. 

In his paper, Dr. R. Lessing discussed 
the problem of conserving sulphur not 
only from the viewpoint of national self- 
sufficiency, but also from that of world 
economy. Vast tracts of the earth's 
surface are deficient in soil nourishment. 
To counter the menace of mass starvation 
immense quantities of fertilisers are 
required. Apart from potash, those most 
needed are phosphates and ammonia, 
both of which are applied mainly in 
combination with sulphuric acid. Hence, 
the world demand for sulphur must 
necessarily increase at a steady and rapid 
rate. He said that the sulphur content of 
Britain's annual output of coal was 
equivalent to 10 million tons of sulphuric 
acid. At present most of it escapes into 
the atmosphere to attack buildings, metal 
and clothes, and to affect health. Methods 
for extracting sulphur from chimney 
gases were known and used in isolated 
cases and its dissipation must be prevented 
wherever possible. 


Britain needs a Colonial 

Institute 

Addressing the Geography section. Dr. 
R. J. H. Church made a plea for the setting 
up of a Colonial Institute in Britain. This 
should operate as part of Oxford, Cam- 
bridge or London University and would 
undertake or keep track of colonial 
research in all branches of knowledge. 
Training of colonial officers should be 
undertaken in this new Colonial Institute, 
whose students would be ina Stat? College, 
yet also members of a university. 
Teachers, research workers, prospective 
colonial officers and those on leave could 
meet in one building and enjoy the advan- 
tages of university freedom, untrammelled 
by the dead hand of a Government 








Department. Such a central Colonial 
Institute would save public money and 
the present dispersion of unco-ordinated 
efforts. 


Crosses between Species 


One of the most interesting meetings 
of the Botany section dealt with the 
genetical structure of plant populations. 
Dr. D. H. Valentine described research 
on hybrids between the Primrose (Primula 
vulgaris), Oxlip (P. elatior) and Cowslip 
(P. veris). The Primrose and Oxlip, in 
certain regions of East Anglia, occur only 
in woodland; the populations of individual 
woods are thus isolated from one another. 
Some woods contain one or other of the 
pure species, others contain the two 
species and their hybrids. Where the 
species meet, they occupy distinct areas 
in the wood, probably because of their 
different ecological preferences. Hybrids 
are always frequent but they do not 
outnumber the pure species. There are 
apparently genetical as well as ecological 
barriers tending to prevent fusion of the 
species. It has been suggested that Prim- 
rose is replacing Oxlip in the mixed 
populations, but Dr. Valentine thought 
the condition was one of equilibrium, 
which may shift in one direction or the 
other as variations of local climate and 
environment occur. 
more than one kind separate Oxlip and 
Cowslip (P. veris), and the hybrid between 
them is very rare. The hybrid between 
Primrose and Cowslip, which is partially 
fertile, is of widespread occurrence, but 
extensive hybrid populations are appar- 
ently rare, perhaps because of the marked 
ecological differences between the species. 

Other papers at this session were given 
by Dr. W. B. Turrill, J. L. Crosby and 
Dr. A. J. Bateman. 


Coastal Waves 


A discussion on the properties of coastal 
waves was introduced by Dr. G. E. R. 
Deacon of the Admiralty Research 
Station. 

The irregularity of the sea surface in 
deep water, he pointed out, is, in general, 
due to the interference between trains of 
waves of different lengths and different 
directions. The variability in the height 
and length of breakers is caused mainly 
by interference before the swell reaches 
very shallow water. One of the first 
results of the development of wave- 
recording instruments and their installa- 
tion at Pendeen and Perranporth on the 
north coast of Cornwall has been to 
confirm that the recorded wave pattern 
is always a combination of a number of 
wave trains. The wave crests approaching 
the coast represent the combination of 
local waves with swell from different parts 
of the same storm or from different 
storms. High and low waves follow each 
other in more or less regular succession. 
It is not necessarily the fifth, seventh or 
any other number of breaker that is 
always the highest, but there often is a 
rhythm in the sequence of high and low 
breakers, most marked when only a 
narrow range of wave-lengths is present, 
as when long swell from a distant storm 
approaches the coast on a calm day. 


Efficient barriers of 


The irregularity of the sea in deep water 
is largely due to the interference between 
trains of waves of different lengths and 
different directions, and the variability 
in the height and length of breakers at 
any point on a beach is, in general, caused 
by interference before the swell reaches 
very shallow water, whose depth is not 
more than four or five 
the waves. 

Dr. N. F. Barber, also of the Admiralty 
Research Station, stated that as waves 
approach a coast their behaviour pro- 
gressively changes. They travel more 
slowly and become steeper in the shallower 
water. The effect is most obvious on long 
low waves whose breakers may have twice 
the height of the wave in the open sea. 
Waves are also refracted in shallow 
water. The part of a long wave crest 
which is nearest the shore is in shallower 
water and travels more slowly. In this 
way it is possible for waves to swing 
round headlands and islands and enter 
bays which are not directly exposed to 
the open sea. A_ shallow promontory 
pointing towards the wind tends to focus 
on to itself much of the wave energy 
coming towards it. In a similar way a 
deep water channel tends to refract away 
wave energy towards the shallower water 
at the side. The effect is more marked the 
longer the wave. Swell of 12 seconds 
period may sometimes be seen in the lee 
of a headland though the breakers on the 
weather side come at intervals of 7 or 8 
seconds. 

Tidal streams change the period of 
waves IN a manner reminiscent of the 
‘Doppler effect’ on sound. If the waves 
take a long time to traverse the tidal area 
their period may be permanently changed. 
They may enter a tidal area witha period 
of 18 seconds and leave it five or six 
hours afterwards with a period of 17 
seconds. This has been observed in the 
low swell of well defined period which 
sometimes reaches Cornwall from storms 
near the Falkland Islands and traverses 
about 200 miles of tidal streams in crossing 
the British Continental shelf. 

Finally, although we are taught at 
school that it is the waves and not the 
water which move forward, Dr. Barber 
Stated that waves tend to cause a slow 
drift of water in the direction in which 
they travel. This is quite distinct from 
drifts produced by the drag of the wind 
and has been observed in model experi- 
ments. What probably happens is that 
the water piles up slightly near the beach 
to an extent sufficient to produce a sea- 
ward drift that offsets the drift due to the 
waves. This drift is usually called ‘mass 
transport’. Speeds are of the order of two 
inches per second for three-feet waves. 

Why waves break is not properly 
understood. Waves will not break, for 
instance, against a smooth vertical wall 
but are reflected. Perhaps the angle of 
the shore that allows a wave to break 
depends in some way on the steepness of 
the wave. 


A Ration of 2000 Calories 
An account of war-time and post-war 
observations in Switzerland on the effects 
of changing diet on a population which 
10 


times the height of 


did not otherwise suffer from disturbance 
was given by Prof. A. Fleisch, of Lausanne, 
to the Physiology section. As one of his 
main criteria, he used blood counts of the 
number of red cells. His records began in 
1943, when the basic ration for an adult 
was 2160 calories. This applied to those 
whose work involved no special expendi- 
ture of energy, and occupational allow. 
ances brought the total for the heaviest 
workers to 4000 calories. At this stage he 
found a general improvement in blood 
counts which he attributed to the better 
distribution of available food. 

In 1944, the basic ration was reduced to 
2000 calories, with corresponding reduc- 
tions in fats and animal protein, but 
blood counts showed little change. 

Then, in 1945, there was a_ further 
reduction to 1800 calories and the 
number of red cells in blood counts fell 
sharply. The implication, he suggested, 
was that for non-active individuals the 
1944 ration of 2000 calories represented 
the approximate limit, beyond which 
further reduction was unwise. 

Later, in the autumn and winter of 
1945-6, the basic ration was raised to 
2600 calories and the improvement was 
beyond expectation. This he attributed to 
the body having learnt, during the period 
of shortage to make more efficient use of 
its food. 

As a corollary, he suggested that re- 
quirements of animal or ‘first-class’ 
protein had in the past been overestimated. 


New Magnet Alloy 


The development of a new permanent 
magnet alloy, containing the rare element 
niobium, was described before the Physics 
section by Dr. D. A. Oliver. It is still in 
the research stage, and is due to the work 
of the Permanent Magnet Association, in 
collaboration with the British Electrical 
and Allied Industries Research Associa- 
tion. 

The property in which it shows im- 
provement is that of ‘coercivity’ or 
resistance to demagnetisation, and its 
chief application should be in electric 
motors and small generators. 

Chemically, it is an elaboration of 
‘Alnico,’ an alloy of iron with the three 
metals, aluminium, nickel and_ cobalt 
(See Discovery, “Modern Magnets,’ 
1947, Vol. 8, pp. 237-238). This does not, 
in itself, show that variation in physical 
properties between one crystal axis and 
another which is now recognised as a 
desirable starting-point for a permanent 
magnet alloy. During the war two further 
ancestors of the new alloy, without the 
niobium, were produced for use in ail- 
craft radar equipment. Finally, the addi- 
tion of niobium was suggested by loose 
analogy from another special alloy for use 
in jet propulsion engines, The composi- 
tion of the new alloy in percentages is: 
cobalt, 21; nickel, 11; aluminium, 8; 
copper, 4; with a small addition of 
niobium and the balance iron. Since tt 
contains no carbon, it is classed as an iron 
alloy rather than a steel. 


The Hydraulics of a Worm 


In the Zoology section, G. E. Newell 
described the part played by the body 
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fluid of worms in locomotion. The Earth- 
worm (Lumbricus), the Lug Worm and 
Rag Worm (Nereis) all behave as fluid- 
tight systems, which will withstand 
abnormally high pressure without ‘leak- 
ing’. The pressures of the coelomic fluid 
of these worms has been measured and 
are of the order of 10-15 centimetres of 
water when the worms are resting or ina 
state of moderate activity, but may rise as 
high as 50 centimetres of water when the 
worms are more active. Pressures in 
narcotised worms fall to nearly zero. 

Another animal whose locomotion 
depends on hydraulically-operated struc- 
tures was the subject of another paper, 
by J. E. Smith, who gave an account of 
the activities and architecture of these 
structures, or tube feet as they are called. 

G. A. Steven of the Plymouth Marine 
Biological Laboratory cleared up the 
mystery of where the mackerel spawns. 
For a long time it has been believed that 
mackerel inhabiting the waters around 
SW. England come in from the west to 
spawn in shallow inshore waters in late 
spring and early summer. The research 
of Mr. Steven and a colleague has com- 
pletely shattered that belief. Spawning 
takes place mainly in April, a hundred 
miles or so west of the Scillies, in deep 
water, about 100 fathoms deep, near the 
edge of the continental shelf. There are 
two main spawning grounds, one opposite 
the entrance to the English Channel, the 
other opposite the entrance to St. George’s 
Channel. After spawning the fish return 
shorewards and disperse all along the 
coast where they remain till late autumn. 
Then, forsaking surface water, they con- 
centrate in localised gullies on the sea bed; 
there is one such gully off Start Point and 
another off Dieppe. Thus the mackerel 
goes through a surface or pelagic phase, 
and a deep-water or demersal phase. 

In the North Sea the fish again go to 
the 100-fathom line to spawn, but in this 
case this involves an inshore migration as 


the 100-fathom line hugs the coast of 


Norway and Sweden. 

Mr. Steven predicted that when the 
mackerel of the American continent— 
they occur in the Gulf of Massachusetts 
and the Gulf of St. Lawrence—are more 
closely observed it will be discovered that 
they too move into deep water to spawn. 


Catching Fish by Algebra 


Other contributions to this session on 
British marine fisheries dealt with the 
mathematics which make it possible to 
calculate with reasonable accuracy what 
will be the size of fish catches in the future 
trom data about growth rate and mortality 
of fish, past catches, the mesh of nets 
used by fishermen, etc. The complicated 
formulae that are used have proved 
Particularly valuable in_ international 
discussions on ways of preventing over- 


fishing. But one of the points made by 
Michael Graham, of the Lowestoft 


fisheries research station of the Ministry 
of Agriculture, was that ‘theory of fishing’ 
has lagged behind experience. S. J. Holt 
of the same research station, ina paper on 
the effect of the war on the North Sea 
fisheries, explained the paradox that quite 


frequently a less intensive fishing effort 
will yield heavier yields of bigger fish. 
He demonstrated how the use of a formula 
theoretically derived could have predicted 
the decline in the abundance of fish which 
occurred in the years 1945-8. 


Human Blood Groups 

A review of human blood groups in 
relation to heredity, language, regional 
differentiation and past movements of 
population was given by a discussion held 


jointly by the sections of zoology, anthro- 


pology and physiology at the British 
Association meeting. 

The subject is one of steadily increasing 
complexity: but for that reason, the extent 
of information afforded by different 
combinations of blood groups is also 
greater. 

“Blood groups are not yet as individual 
as fingerprints,” it was stated by Dr. R. 
R. Race, of the Medical Research Council's 
Blood Group Research Unit at the Lister 
Institute, ““but their inheritance is known 
much more precisely.” 

Not only are there seven ‘firmly estab- 
lished’ systems of groups: the genes which 
carry them are believed to be indepen- 
dently inherited, although in certain cases 
the possibility of some degree of linkage 
cannot yet be excluded. 

The oldest is the ABO system, in which 
the AB’s correspond with the so-called 
‘universal donors’ of blood-group tests. 

The most discussed is the Rh system, 
partly because of the risk to newborn 
children of parents whose groupings are 
incompatible within this system. The 
others are known as the MNS, P, 
Lutheran, Lewis, and Kell systems of 
groups. 

In England, Dr. Race stated, the seven 
systems make up between them over 
20,000 recognisably different combina- 
tions. Of these the most common is found 
in 1 in 50 of all individuals, while ‘the 
calculated frequency of the rarest is so 
low that it may never have formed the 
blood of an Englishman.” 

Dr. J. A. Fraser Roberts, of the London 
School of Hygiene underlined the central 
fact that blood groups are among the 
very few human traits which are both 
common—if not in some of their com- 
binations—and simply inherited. 

Also, because dominance is often absent 
or incomplete, elucidation of the here- 
ditary basis of the different systems has 
followed quickly on their discovery. 

Dr. C. D. Darlington followed with his 
theory of the connexion between blood 
groups and languages. 

A map of Europe for the O blood group 
was in significant agreement with a map 
showing the present distribution of the 
‘th’ sound in European languages. It was 
now, therefore, possible to undertake the 
study of the relations of race and language 
on rigorous genetic foundations, with 
consequences equally remarkable for the 
study of evolution in man and in the 


language he speaks (see Heredity, 1947, 
Vol. L., Pt. 3). 
Finally, Dr. A. E. Mourant, of the 


Blood Group Reference Laboratory of 
the Ministry of Health, discussed indica- 
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tions to date that the Rh system would 
provide a genuine record of racial move- 
ments in the broad sense. 

From the present proportions of in- 
compatible genes within Europe, and the 
risk of newborn children of such parents 
already mentioned, it is concluded that 
the present stock must have “originated 
from interbreeding a few thousand years 
ago’. Otherwise members of the vulner- 
able groups would already have been 
eliminated. 

The indications are that one component 
came from Asia, but it has only lately been 
confirmed that the Basques are strong 
candidates to be regarded as the relics 
of the other. 

“All their other characteristics,” he 
stated, ‘“‘are in keeping with the theory 
that they are the almost pure representa- 
tives of a people which, mixing with other 
peoples from the east, gave rise to modern 
Europeans. Thus it is that the Basques 
are the most European of Europeans, 
while the peoples of the rest of Europe, 
Arians and Jews, Nordics and Alpines, 
Celts and Slavs, are all half-breeds, 
mixtures of east and west—and who shall 
say that we are any the worse for it.’ 

There is also a stronger indication than 
before of a link between Asia, the Pacific, 
and American Indians; and it remains to 
be seen what further evidence of past 
movements may be brought to light by 
the more detailed study which different 
combinations of systems make possible. 


Colour Vision 


Colour vision occupied the attention of 
the physiologists for a whole day, and it 
was also discussed by the Zoology section 
in connexion with animal coloration. 

Prof. H. Hartridge, president of the 
Physiology Section, devoted the whole of 
his address to reviewing recent advances 
in colour vision. He explained how, until 
a few years ago, it seemed possible to 
account for nearly all the aspects of human 
colour perception on the basis of the three- 
colour theory, but such is no longer the 
case. This is largely due to improvements 
in the older methods of investigation and 
to the invention of new ones. Among the 
latter may be mentioned the micro- 
electrode technique of Granit and the 
retinal direction effect of Stiles and Craw- 
ford. Modern requirements are met by a 
polychromatic theory, comprising seven 
types of receptor. He examined the modi- 
fications of the three-colour and four- 
colour theories to see to what extent they 
can be made to fit in with experimental 
results. He directed particular attention 
to the possibility that there is polychro- 
matism of the retinal receptors but tri- 
chromatism of the nerve paths which 
connect these to the brain, or even to the 
brain itself. 

His conclusion was that there must be 
polychromatism throughout the entire 
visual mechanism for colour perception 
if a complete account is to be given of all 
the known facts. 

In the discussion that followed the 
presidential address papers were read by 
Dr. Katharine Tansley, Dr. W. D. 
Wright and Dr. W. S. Stiles. 








Further Points from Presidential Addresses 


Chemistry 


Two _ presidential 
proved complementary, 
they fully 
excessive specialisation, 
Prof. John Read to the Chemistry section 
and Prof. H. Graham Cannon to the 
Zoology section. 

Prot. Read admitted that specialisation 
was an inevitable feature of present-day 
science, but he considered we ought to 
take all possible steps to combat the 
narrowing outlook which threatens to 
affect science students at all levels. 
Specialisation went with team-work, and 
team-work, he argued, should be applied 
with restraint. “‘Instead of breeding the 
man of broad vision and all-round accom- 
plishment, we now stand in danger of 
producing men who will go through life 
in chemical blinkers: one may become a 
catalytic hydrogenator: another may 
relapse into a permanganate-oxidiser; 
recently also the plaintive question was 


addresses which 
as taken together 


overheard: ‘Can a_ physical chemist 
be interested in real chemistry?”” he 
said. 


To illustrate the kind of mental effect 
which unrelieved absorption in a special- 
ised field of science can produce Prof. 
Read cited Darwin, and quoted the passage 
from his autobiography in which Darwin 
describes the atrophy of* his aesthetic 
sense. “Up to the age of thirty, or beyond 
it, Darwin wrote, “poetry of many kinds 
such as the works of Milton, Gray, Byron, 
Wordsworth, Coleridge, and Shelley, 
gave me great pleasure, and even as a 
schoolboy I took intense delight in Shake- 
speare, especially in the historical plays. 
{ have also said that formerly pictures 
gave me considerable, and music very great 
delight. But now for many years I cannot 
endure to read a line of poetry: I have 
lately tried to read Shakespeare, and found 
it so intolerably dull that it nauseated me. 
[| have also almost lost my taste for 
pictures or music. This curious and 
lamentable loss of the higher aesthetic 
tastes is all the odder, as books on history, 
biographies, and travels (independently of 
any scientific facts which they may con- 
tain), and essays on all sorts of subjects 
interest me as much as ever they did. My 
mind seems to have become a kind of 
machine for grinding general laws out of 
large collections of facts, but why this 
should have caused the atrophy of that 
part of the brain alone, on which the 
higher tastes depend, I cannot conceive 

. The loss of these tastes is a loss of 
happiness, and may possibly be injurious 
to the intellect, and more probably to 
the moral character, by enfeebling the 
emotional part of our nature.” 

There should be no sense of antagonism, 
said Prot. Read, between arts and science, 
either in the schools or out of them. 
These studies are complimentary and 
any form of modern education should be 
made up of a proper blend of each. The 
elements of science should be taught to 
non-scientists. 

Specialisation should be avoided in 
teaching chemistry in the schools—it will 


brought out the dangers of 
were those of 


descend upon the student soon enough in 
the college or university. *‘We are bound 
to sscnamlen. however, that in many 
instances the prevailing system of entrance 
scholarships and admission tests to uni- 
versities has given rise to an undue special- 
isation in school science teaching. None 
of those concerned seem willing to accept 
responsibility for this state of affairs,” 
and Prof. Read went on to say that here 
was a Vicious circle waiting to be broken. 
Papers set for university entrance scholar- 
ships should contain searching questions 
on basic chemical principles, and should 
not be ‘lucky dips’ containing random 
questions on advanced topics that a 
candidate may or may not have been for- 
tunate enough to spot. An entrance test 
should not be made a lottery. 

At the university the young chemist 
would do well to take his study of mathe- 
matics and physics as far as possible. He 
should also try to gain a knowledge of 
some branch of biology, otherwise his 
view of science and nature would be 
unduly restricted. “All these commit- 
ments leave him with little, if any, time to 
give to formal non-scientific studies, 
especially as he will need to devote some 
attention to gaining a reading knowledge 
of French and German. The maintenance 
of an open and lively mind is left largely, 
or entirely, to his own initiative. It is now 
that the social contacts with his fellows 
and personal acquaintance with a number 
of his teachers become so important. At 
this stage in his career the student in 
residence claims a great advantage over 
the ‘travelling’ student, to whom his 
college or univeristy may mean little 
more than a seat in a lecture-room and a 
bench in a laboratory.” 

By presenting chemistry merely as a 
regimented system of facts, laws, and 
theories we sacrifice to a large extent its 
educative value and abrogate its cultural 
potentialities, went on Prof. Read. 

Historical chemistry made one realise 
how chemistry may become a cultural and 
humanistic instrument of high value. As 
Clerk Maxwell wrote: “In science, it Is 
when we take some interest in the great 
discoverers and their lives that it becomes 
endurable, and onlv when we begin to trace 
the development of ideas that it becomes 
fascinating.” 


**Absurd Sixth Form Standards”’ 


Prof. Cannon, who is 
Zoology at Manchester University, was 
most emphatic in his condemnation of the 
widespread tendency to push the inter- 
mediate teaching which should come in 
the first year at the university on to the 
schools. 

“There undoubtedly has been what has 
been described as an invasion of the uni- 
versity syllabus by the schools, prompted 
largely by the type of scholarship paper 
often set by the examiners,” said Prof. 
Cannon. ‘But now, instead of trying to 
combat this, it is being encouraged. The 
schools cannot be blamed for their 
attitude, but on the other hand I do not 
think that we zoologists are the real 


12 


Professor of 


culprits. At least we are not primarily to 
blame for the absurdly advanced stan- 
dard of knowledge which is nowadays 
expected from the sixth form scholar, 
If you will examine the Cambridge 
scholarship papers for the last thirty years, 
you will find that those in zoology are, 
and always have been, at a reasonable 
level, those in physicochemical sciences 
have advanced, but mainly through the 
inclusion of more mathematical aspects 
of the subject, while those for mathematics 
have advanced in a fashion that can only 
be described as ludicrous. Now schools 
will naturally teach to the level of the 
highest scholarships awarded and _ these 
are the Oxford and Cambridge scholar- 
ships: and in that teaching it is the 
scholarship that sets the standard, not the 
subject. As one subject advances so all 
the others tend to follow—of this I am 
certain. The schools cannot be blamed for 
this. 

“I have nothing, of course, to say in 
favour of those scholar-producing fac- 
tories where the whole energy of the school 
is devoted to obtaining the maximum 
number of university scholarships, but all 
schools must naturally aim at a reasonable 
degree of results. There was a time, when 
the Norwood Report appeared, advoca- 
ting the abolition of the Higher School 
Certificate examination and its replace- 
ment by a less advanced but much wider 
examination, when some of us thought 
that this would force the older universities 
to lower the standard of their scholarship 
papers. But the Norwood Report is now 
a thing of the past, and for all intents and 
purposes we are back where we started, 
with the Higher School Certificate stan- 
dard trying hard to follow the pace set by 
the Oxford and Cambridge scholarships. 
However, as regards the schools, having 
taught to this high level, I can understand 
them expecting their pupils to be excused 
the first year of university study of those 
subjects in which they sat their scholar- 
ships. Now this may be possible in physics 
and chemistry and mathematics, but | 
maintain most emphatically that such an 
exemption should not apply to the bio- 
logical sciences. 

Prof. Cannon asked why the biologists 
decided to follow the physicists and 
chemists, and shift the responsibility for 
intermediate teaching on to the schools. 

“The answer is not far to seek,” he 
remarked. “It is simply to allow for more 
and more time in the second and third 
years in which to introduce specialised 
courses. Now I am firmly convinced that 
after allowing for a modicum of general 
lectures—lectures usually but not always 
without associated practical work—there 
is left just sufficient tine to cover ade- 
quately all the various groups, not exclud- 
ing the so-called minor groups, in the 
animal kingdom.” 

Prof. Cannon was pessimistic about thé 
future and expressed the view that what 
he called the “misguided tendencies in our 
present system of teaching zoology’ would 
gain a greater hold rather than the reverse. 
“All my forebodings are that matters will 
continue to get worse. Our undergraduate 
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teaching and hence our degree examina- 
tions will continue to include more and 
more advanced specialist work to the 
exclusion of the more important funda- 
mental aspects of the subject. Our final 
Honours degrees will become merely a 
test of memory of advanced lectures 
rather than a searching test of under- 
standing.” The one bright spot he saw 
in the London University External degree. 
In this connexion he said that as the 
examiners have no notion of the lectures 
which the candidates have attended and 
hence in setting the papers they have to 
ask themselves what it is fair and reason- 
able to expect the candidate to know, 
rather than what courses of lectures the 
candidate has attended. He knew of 
nothing which brings home more forcibly 
the need for moderation in setting the 
standard of a final examination. 


Royal Society’s ‘Pink’ Report 


Prof. Cannon criticised the recommen- 
dations in what he termed the ‘Pink Book’ 
published by the Royal Society in 1945 
on the post-war needs of research and 
fundamental science. The committee 
which prepared the report dealing with 
biology had failed, he said, to make any 
distinction between a research institution 
and a university or else were unaware of 
the existence of any university outside 
the Oxford-Cambridge-London triangle. 
He deplored the inclusion in the university 
curriculum of a variety of subjects all of 
the most painfully specialised nature. 

“Thus they suggested a Readership in 


Microbiology, whatever this may mean. 
Now a Reader in a Redbrick University 
is a teacher—not merely a_ research 
worker. Where will be the students that 


such a Reader can teach?—clearly they 
would have to post-graduate. A student 
could not possibly understand such a 
composite subject until he had_ fully 
studied the groups of animals and plants 
included in it and seen their relation to 
the rest of the anjmal and plant kingdom. 
I should imagine that in a relatively 
large university such as Manchester, at a 
rough guess, a post-graduate student 
might turn up about once in fifteen years 
who had any interest in a course of instruc- 
tion in such an unnatural subject as micro- 
biology. Does this justify a Readership 
at a university? Would it not be much 
more economical and _ productive to 
devote the same expenditure to the estab- 
lishment of a research fellowship at an 
appropriate institution? I am laying stress 
on these recent developments because I 
feel certain that many university teachers 
are becoming aware of the Royal Society's 
Suggestions and, without stopping to 
consider how they can be fitted into the 
present scheme of teaching, are approving 
them.” 

In his concluding remarks Prof. Cannon 
advocated the disappearance of the 
Special Honours degree. “‘Or rather, | 
consider that, apart from some excep- 
tional cases, students should be urged not 
to take the Special Honours degree but 
to take General Honours. The Special 
Honours degree is becoming an anachron- 
ism. In the old days it was expected of the 
Honours student that he should be au 


fait with all the latest developments in his 
subject. I think I have said sufficient to 
indicate that today such a thing is impos- 
sible. On the other hand, there has been 
established in most Redbrick Universities 
an excellent General Honours degree—a 
degree in no way inferior to the Special 
Honours degree. It is regarded by many 
as something new and as something 
inferior, but it is neither. The first part 
of the Tripos at Cambridge is a General 
Honours course and this certainly is not 
new and neither is it inferior. This is a 
degree which to my mind is intellectually 
sound. If this were done, if we were all to 
follow the lead of Cambridge and make 
our examination for the Bachelor’s degree 
a General Science degree then there would 
be no need for the disappearance of all 
the advanced specialised teaching which 
is already fully established but which I 


have criticised so adversely as being out of 


place in an undergraduate curriculum. It 
could be used as a post-graduate course 
corresponding to the second part of the 
Cambridge Tripos.” 


Engineering 


THE presidential address to Section G, 
Engineering, by Wing-Commander T. R. 
Cave-Browne-Cave discussed the educa- 
tion of engineers and how it could be 
improved. His main points were: 


1. An adequate description of engin- 
eering and its various branches must be 
available at schools and to those who 
have to choose at entry and at subse- 
quent stages. 

2. The general structure of engineering 
education should be reviewed so that it is 
possible for candidates to enter at any 
appropriate stage. Changes from one 
course to a more suitable one should be 
simpler than at present, and there must be 
fewer ‘casualties’ who fall out and go no 
further. 

3. Courses of instruction should be 
aimed at the future application of the skill 
and knowledge taught. They must teach 
the essential principles and establish a 
oundation from which the student can 
extend his knowledge. They must give a 
fund of knowledge (mainly in books) to 
which the student can refer for accurate 
detail when he requires it for application 
to real problems. They must develop the 
art of learning from these sources by 
independent study. Syllabuses can then 
be shortened and there will be more time 
for discussion and thorough understand- 
ing. 

4. It is better to teach the general 
principles of all the main engineering 
subjects than to abandon some and carry 
one or two selected subjects to a rather 
higher stage. 

5. Mathematics must be taught in 
really appropriate form as a useful tool. 

6. Practical experience during the early 
stages of engineering education is so 
important that it should be organised as 
carefully as work in college. A student 
should have some practical experience 
before he begins a degree course. The year 
of National Service could, if suitably 
adapted, be most valuable for this pur- 
pose. 
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7. Personal qualities, judgment, effec- 
tiveness, enterprise and determination are 
sO important that they must be considered 
in the selection of a candidate and must 
be developed throughout his training. 

“Steady improvement in engineering 
education is at least as important as 
developments in engineering science and 
practice,” he concluded. 


Arctic Plants have More 
Chromosomes 


Prof. J. R. Matthews’ address entitled 
“The Study of the British Flora’’ may be 
described as an essay on modern plant 
geography, bringing together many new 
points discovered by recent researches of 
ecologists, taxonomists, physiologists and 
zeneticists, though it was prefaced by an 
historical introduction. He mentioned the 
well-known fact that the number of 
species of flowering plants decreases 
rapidly from Equatorial to Arctic and 
Antarctic regions, the small number of 
species at higher latitudes being regarded 
as a consequence of the severity of the 
climate. An explanation for this might 
be sought in a study of the distribution 
of polyploid species (species having more 
than the quota of chromosomes normally 
associated with the species typifying a 
particular genus), for polyploids are 
generally more vigorous and_ sturdy. 
There seems to be a high percentage of 
polyploid species in the floras of northern 
regions. For instance, the flora of Iceland 
shows 54-5‘ ’%, polyploids compared with 
31-3°% for Sicily, while polyploid species 
in Spitzbergen form 80°, of the flora. 

In Britain, the corresponding figures 
are 53-9°. for northern species and 38-8 °, 
for southern species. 

When closely related pairs of species 
are considered, it frequently occurs that 
diploid and _ polyploid representatives 
exhibit differences in distribution; the 
latter commonly occur under more 
extreme climatic conditions. Thus there 
has arisen the theory that polyploids are 
generally better equipped than diploids to 
occupy rigorous and exacting habitats; 
but there are numerous exceptions and in 
the struggle for existence all diploid 
species have not yet disappeared. There 
is, however, no clear correlation as yet 
between resistance to low temperatures and 
the polyploid state. A study of the physi- 
ology of polyploids is very relevant here, 
and Prof. Matthews mentioned the dis- 
covery that in the cabbage the polyploid 
contains more sugar and vitamin C. 

For one species, the Common Valerian 
(Valeriana officinalis), it has been shown 
that one type of plant with twice the 
number of chromosomes that are present 
in the other extends to the north of 
Scotland, whereas the other type does not 
occur farther north than the Midlands. 


Geology 


In his presidential address to the 
geologists Dr. A. E. Trueman regretted 
that geology today attracts less attention 
than it used to, in spite of the fact that 
sensational finds are still being made. 

“It is too often supposed that geology 
is a dull subject. I have known it to be 








hinted that the subject is nearly exhausted, 
apart from the filling of the smaller gaps, 
completing the details of a story of which 
the outline is thought to be already clear 
enough even by some workers in other 
sciences,” he went on. ““Geology is not 
dead or dying; it is not waiting for a 


revival. It is indeed, very much alive. 
Whole major problems of evolution 
remain quite unsolved, and the links 


between nearly all the main groups have 
still to be found. To go no further, what 
of the origin of the vertebrates themselves, 
and of the chain from fish to amphibia? 
What of the ancestry of the flowering 
plants? There is no need to confine our- 
selves to palaeontology. How far have 
we progressed in ascertaining the history 
of the continents? To take one problem 
alone (though it comprises many others) 
what are the facts regarding the so-called 
drifting of the continents, as vigorously 
expounded by some as its possibility is 
denied by others? Whether it is true or 
false, it is a stimulating idea which would 
have aroused a lively interest in the last 
century: why has it failed to do so in the 
last 30 years? Perhaps there have been too 
many competing claims for the public 
interest. 

Prof. Trueman thought one factor must 
be the almost complete lack of geology 
teaching in schools. The raising of the 
standards of school science teaching and 
examination needs meant that in many 
schools only one or two science subjects 
were studied. This weakness led to 
introduction of General Science. The 
Science Masters Association’s scheme for 
General Science included some geology, 
although in the present circumstances it is 
not to be expected that this will of itself 
provide a stimulus to the study of geology 
in many schools. 

In education, geology has conspicu- 
ously a dual note, said Prof. Trueman— 
it has cultural and economic aspects and, 
in few subjects are both so vital or closely 
related. Applied geology depends im- 
mediately on the fundamentals of the 
science, often indeed on geological ob- 
servations of an extremely simple kind: 
vet no piece of geological knowledge today 
could be regarded as unlikely to afford 
some useful economic application. A 
generation ago, applied geology was 
thought to require a special knowledge 
of mineralogy, for economic intcrest was 
largely directed to the search for ores. 
More recently, however, with the search 
for oil, the most abstruse palaeontological 
and stratigraphical evidence has become 


of first-rate importance; indeed, oil 
geology has greatly stimulated work in 
the formerly neglected group, the Fora- 
minifera. In the tracing of coal seams, 
too, studies of shells and spores, and of 
the minute differences in the faunas of 
marine bands, have assumed a new value. 

Prof. Trueman spoke of the overriding 
importance of field work in all geological 
training, and said foreign travel particu- 
larly was vital to the progress of geology. 
He mentioned the provision, jointly by 
the Anglo-Iranian and the Burmah Oil 
Companies, of funds for an annual 
students’ tour and said it was an innova- 
tion with great possibilities which he 
hoped that others would copy. He went 
on to discuss the increasing responsibilities 


of Britain’s Geological Survey, and 
referred to the Colonial Geological 


Surveys, which, like that of Great Britain, 
have reached a time when their impor- 
tance is acknowledged as never before, and 
only the comparative lack of candidates 
prevents a rapid expansion in. their 
strength. The Colonial Surveys have 
never been adequately staffed: at the most 
fewer than fifty geologists were available 
before the war to deal with areas totalling 
over 3,000,000 square miles, which works 
out roughly at thirty times the area per 
geologist as compared with the pre-war 
British Survey. 

He emphasised the main purpose of a 
geological survey is not to find deposits 
of exportable mineral wealth. It is essen- 
tial that attention should also be directed 
to the more bulky materials like limestone, 
clays. lignites, road metals and gravels, 
which may become more immediately of 
use to the occupants of the territories. 
More than all, in many areas, the impor- 
tance of water supply is outstanding. This 
can only be satisfactorily achieved if a 
complete knowledge of the structure is 
worked out. The relation of many soil 
problems to geology also provides a 
field of investigation of increasing impor- 
tance. 

Prof. Trueman wanted to see workers 
attracted to the borderlands of geology: 
he suggested, first, that a greater number 
of students than at present (but not neces- 
sarily a large number) should be encour- 
aged to extend their training in order to 
acquire a double qualification, as in 
physics and geology: and second, that a 
larger proportion of students who will 
specialise in physics, chemistry or biology 
should pursue a course in geology, or in 
some branch of geology related to their 
own work. Thirdly, there is a great need 


for more geologists with a capacity for 
mathematics. 


Anthropology 

“Folk-life Studies in Britain § and 
Abroad” was the title of R. V. Sayce’s 
presidential address to Section H~— 
Anthropology and Archaeology. He 
drew attention to the lack of a British 
Society specialising in the material culture 
of the folk, in spite of the interest shown 
is this direction by the museums in Alton, 
Salisbury, Hereford, Tickenhill, Rufford, 
Keighley, York, Cambridge, torname only 


a few. There were to be folk museums 
at Belfast, Blaise Castle, Bristol and in 
Wales: but where in England was the 


organised national effort to compare with 
those in Stockholm, Oslo, Paris and 
Cardiff? Had the recommendation of the 
Royal Commission of 1929 for the estab- 
lishment of a Folk Museum in London 
been forgotten? Britain needed its equiva- 
lent of Stockholm’s Skansen, but this 
would be incomplete without a national 
equivalent to Stockholm’s Nordiska 
Museum where we should have a centre 
capable of inspiring research and of carry- 
ing out its own investigations on a national 
scale. 

Mr. Sayce said the present is far from 
being devoid of interest to the student of 
the folk-tale. While the late President 
Roosevelt was still alive, many stories 
about him circulated in the United States 
by way of mouth, and most of us in this 
country have been conscious at one time 
or another of the swarms of little quips and 
anecdotes which have never been printed, 
and which travel freely up and down the 
country, often keeping themselves to their 
particular social habitat. It would be 
worth while collecting them, comparing 
them with the tales of antiquity, and 
studying the mechanism of their distribu- 
tion. Then, too, there are stories, some of 
which may gratify a common wish, such 
as the rumours of the abortive German 
attempt to invade England during the 
last war, or the passage through this 
country of Russian troops in the first war, 
while others, like the accounts of German 
plywood tanks, appear to be deliberately 
spread for political purposes. 

It would also be both interesting and 
useful to study the cinematograph shows, 
which now saturate the minds of our 
youth, and compare them with the old 
fire-side stories which they have largely 
replaced. 





Animal Colour and 
Colour Vision 


The papers to the Zoology section on 
colour and colour vision in animals is 
likely to have the effect of making 
zoologists more critical in their accept- 
ance of observations and theories dealing 
with animal colouration, animal camou- 
flage and warning coloration, for the 
speakers made it clear that in many cases 
pattern and tone were far more important 
than colour. 

Dr. R. J. 
tribution of 


Pumphrey spoke on the dis- 
colour perception in the 


animal kingdom. After a_ fascinating 
account of the demonstration that bees 
can be trained to pick out the blue-green 
region and another special region (in the 
ultra-violet) and show remarkable dis- 
crimination for these ‘colours’, he said 
that colour perception was also proved in 
some mammals, in some bony fishes, 
reptiles and birds; and among mammals 
only in some monkeys, apes and men. 
The case for cephalopod molluscs and 
crustacea is non-proven. For the rest of 
the animal kingdom the large number of 
failures to demonstrate colour perception 
makes it at least probable that it does not 


14 


exist or has no importance for the animal. 

Many mammals are ‘colour blind.’ “A 
red rag is like any other rag to a bull, 
and all cats are grey to all other cats.” 
Besides bees, butterflies and some flies 
can distinguish colours. 

There is evidence that some fish and 
birds have a ‘closed colour circle’, i.e., 
they distinguish red from violet with 
difficulty and presumably do not recog- 
nise as distinct hues the extra-special 
purples which we do. It is known that the 
visual spectrum of many insects extends 
well into the ultra-violet but it is not 
certain that they distinguish ultra-violet 
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from violet and blue. It may be that they 
‘see’ ultra-violet as a bluish fluorescence 
of the optic media as we may in appro- 
priate circumstances. There is, however, 
one significant difference between insect 
and vertebrate colour vision. The former 
seem to see colour as long as they can see 
at all, whereas vertebrate vision becomes 
achromatic at low intensities of illumina- 
tion. All nocturnal vertebrates are 
probably colour blind. 

Dr. G. S. Carter said that much animal 
coloration is either not important from 
the biological point of view, or is only of 
physiological significance—for instance, 
blood pigments in most animals, pigment 
used as defence against light, and visual 
pigments. 

Dr. G. M. Pryor described how colour 
is produced in animals. When we speak 
of a particular colour as adaptive, said 
Dr. Pryor, we imply that it has been 
evolved because natural selection fav- 
oured it at the expense of other colours, 
and that but for this selective advantage, 
the animal might have been some other 
colour. In deciding whether or not a 
particular colour is adaptive or useful, we 
do in fact compare it with an ideal stan- 
dard, the ‘non-adaptive colour’ natural 
to the species; without some idea of 
what this non-adaptive colour is like, 
it is difficult to form any judgment. In 
some groups, such as sea-anemones, it is 
impossible to say what the non- -adaptive 
colour is; the bodies of burrowing anem- 
ones which are not normally exposed are 
as brightly coloured as the rest of them, 
and there does not appear to be any 
general principle governing the colour and 
patterns of the exposed parts. In a group 
like this all arguments about the adaptive 
significance of particular colours are 
useless. 

In groups such as the cave-dwelling 
animals one can study non-adaptive 
colours very well, for among such animals 
there cannot be natural selection of colour 
for colour’s sake. In caves one meets 
certain standard non-adaptive colours. 
For instance, cave insects are usually 
brown or black—their colours are strik- 
ingly similar to those of nocturnal insects 
such as bed bugs and cockroaches. These 
colours are essentially the natural colours 
of chitin which is stiffened in something 
the same way as a starched collar is 
stiffened. In the cave crustacea (in which 
the chitinous cuticle is strengthened by 
concreted calcium carbonate crystals) 
the standard non-adaptive colour of white 
is exhibited 

Many other colours come about by 
accident, and are due merely to the chemi- 
cal and physical nature of the various layers 
in the animal body. 
butterfly chrysalises, which are multiple- 
film colours similar to that shown by an 


oil film on a wet road. The colours of 


peacocks’ wings have a similar physical 


explanation. ‘Here the properties of the 
material dictate the colour,” commented 
Dr. Pryor. 


By extending the principles, he con- 
cluded, and investigating the mechanism 
by which adaptive colours are produced, 
it is often possible to say which colours 
are produced most easily by any given 
group, and this in turn leads to an under- 


He cited the golds of 


standing of the distribution of colours in 
the animal kingdom; why metallic greens, 
blues and reds are practically confined to 
the birds and the insects, or why the crus- 
tacea show such a rich variety of pig- 
mentary colours. 


Servo-Mechanisms 

The physicists spent one session dis- 
cussing servo-mechanisms and automatic 
control of industrial processes. The papers 
read were general and dealt with funda- 
mental principles, rather than with specific 
details of control systems actually being 
used 

Sir Ewart Smith, who opened the dis- 
cussion, referred to the factors affecting 
the developments of instruments and 
emphasised the supreme importance of 
encouraging a proper proportion of the 
young, active and intelligent brains to 
come forward and take up work in applied 
science rather than go into pure research. 
In this country there were not enough 
applied scientists to put to use the flood 
of knowledge available from our own 
laboratories. 

S. S. Carlisle of the British Iron and 
Steel Research Association dealt with the 
use of electronic instruments by the 
industry with which he is connected. He 
said that the tendency was naturally to 
adopt techniques which have _ proved 
themselves reliable and suitable of design 
for the particularly rigorous conditions 
they have to operate under. Managers of 
steel-making works are keenly interested 
in electronics, but they need to be assured 
that the requirement of reliability in con- 
tinuous service will be satisfied before 
embarking on large-scale use of electronic 
equipment in their works. As yet this 
confidence has not been inspired. 

One difficulty was that potential users 
thought of electronics in terms of compli- 
cated and fragile equipment like radar 
systems and ENIAC. Actually industrial 
control equipment depends on a few 
fundamental components such as photo- 
cells, thermionic amplifiers and electro- 
mechanical converters. From these few 
components the ingenuity of electronic 
engineers produces a diversity of equip- 
ment capable of performing a wide range 
of intricate functions. A particular piece 
of equipment mentioned by Mr. Carlish 
was an infra-red absorptionmeter used 
for analysing furnace gases. This instru- 
ment has been operating in the physics 
laboratories of the British Iron and Steel 
Research Association for about a year, 
and as yet no repairs or adjustments have 
been needed to the thermionic amplifier 
or any other electronic component 
embodied in it. 

Prof. K. A. Hayes spoke of the success- 
ful solution by the Services in, World War 
Il of the problem of training enough 
personnel to maintain and service elabor- 
ate control mechanisms, such as _ the 
No. 10 Predictor used against the Flying 
Bomb. All the techniques used during the 
war, such as those that made it possible 
to move A.A. guns weighing several tons 
with an accuracy of a few minutes of arc, 
could be rapidly and universally applied 
in many peaceful fields. Prof. Hayes 


mentioned the Servo-mechanism Panel of 


— 
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the Ministry of Supply. This was sug- 
gested by Dr. A. K. Solomon (the Ameri- 
can scientist well known to readers as the 
author of Why Smash Atoms?), and it 
was presided over first by Sir John Cock- 
roft and then Prof. Hartree, the British 
authority on electronic calculators. The 
library on servo-mechanisms built up by 
this ministry still exists, is the best of its 
kind in Britain, and can be consulted by 
anybody. 

Today there is an official Interdepart- 
mental Committee on servo-mechanisms, 
and it was this body which arranged the 
three summer schools for teaching funda- 
mental principles of automatic control 
held this year. 

Dr. D. Gabor of British Thomson- 
Houston Company’s research laboratory 
at Rugby, outlined a new principle of 
microscopy which would depend on wave- 
front reconstruction. The electronic- 
optical scheme he proposed would, if it 
proves practicable, improve resolution 
down to at least one Angstrom, and this 
would open up the prospect of directly 
resolving atomic and even complicated 
molecules. (This paper was illustrated 
with pictures published by Dr. Gabor in 
his communication on this new micro- 
scopic principle to Nature of May 15 
1948.) 


Cosmic Magnetism 


A discussion on cosmic magnetism, 
held by the section of physics, suffered 
from the absence in India of Prof. 
P. M.S. Blackett. Dr. Georg Thiessen of 
Hamburg Observatory described new 
observations on the general magnetic 
field of the sun which must weaken con- 
siderably the theory of cosmic magnetism 
suggested by Prof. Blackett in May of 
last year, and there was an understand- 
able reluctance in the circumstances to 
enter on general discussion. Prot. 
Blackett’s hypothesis, it will be recalled, 
was that any massive and rotating body 
is automatically a magnet in virtue of 
those two properties; and, numerically, 
that magnetic moment and angular 
momentum are in simple proportion. 
This suggestion was based on an appar- 
ently satisfactory agreement between the 
only three cases for which figures were 
available—the earth, the sun, and the 
One star, 78 Virginis of which the polar 
magnetic field had yet been measured. 
The figure used for the polar magnetic 
field of the sun—S3 gauss—was_ that 
obtained by Dr. Thiessen in 1945, although 
earlier measurements had been made by 
Hale at Mount Wilson Observatory in 
California. The observational problem is 
one of considerable difficulty and Dr. 
Thiessen’s contribution amounted to the 
statement that, whereas he had found a 
measurable magnetic field in 1945, 
neither in 1947 or in 1948 had he been 
able to detect any general magnetic field 
which was measurable within the limits 
of sensitivity set by his observational 
arrangements. This limit of sensitivity 
had been independently assessed and was 
placed at about 5 gauss. Dr. Thiessen 
concluded, therefore, that in 1947 and 
1948 the general magnetic field of the sun 
must have been below this figure. With 








regard to his 1945 observations, he stated 
that these had been based on a smaller 
number of observations. *‘Whether there 
has been a real alteration of field,” he 
stated, “can only be decided after new 
observations during or near the next 
sunspot minimum.” This is a question 
which is of interest both for its own sake, 
and in relation to Prof. Blackett’s theory. 
The substitution of a figure of 5 gauss or 
less for the general magnetic field of the 
sun would weaken numerical agreement 
and, pending measurements of greater 
sensitivity, there would be no accepted 
value which would be used for comparison; 
on the other hand a variation in field 
strength of ten to one would strike at the 
whole foundation of the theory. Discus- 
sion of these and other points would have 
been a natural sequel to Dr. Thiessen’s 
contribution, but probably for the reason 
already given this did not take place. It 
would also have been of interest to hear 
the views of astrophysicists on the con- 
nexion, if any, between Dr. Thiessen’s 
observations and the discovery of Dr. 
H. W. Babcock of Mount Wilson—who 
made the original observation in the case 
of 78 Virginis—of a star which reversed 
its magnetic field in a periodic manner 
about every four-and-a-half days. Dr. 
Thiessen’s contribution was followed by 
an account by S. K. Runcorn, of Prof. 
Blackett’s department at Manchester, on 
measurements made in a Lancashire and 
in a Kent coal mine on the variation with 
jJepth of the terrestial magnetic field. 
The argument, in brief, is that there 
should be a distinction in general terms 
between these theories which place the 
source of the magnetic field in the earth’s 
central core and those which (like Prof. 
Biackett’s) regard the whole mass of the 
earth as contributory. The Lancashire 
observations, which had been described 
earlier at a meeting of the Royal Astro- 
nomical Society appeared to support the 
latter interpretation. Those made in 
Kent, which had not before been described, 
showed an approximate reversal of the 
Lancashire figures. 


This Report was prepared by the Editor in collaboration with A. 





Science Writers’ Meeting 


A unique feature of the Brighton 
meeting was the luncheon given by 
the Association of British Science 
Writers at the Old Ship Hotel on 
September 10. This was the first 
official appearance of the Association 
at a B.A. meeting, and the good 
relations between the two bodies was 
marked by the presence of D. N. 
Lowe, secretary of the B.A. and Dr. 
Edward Hindle. Mr. J. G. Crowther 
presided, and brief speeches were 
made by Dr. Pierre Auger, Dr. 
Hindle and Maurice Goldsmith, 
secretary of the Science Writers’ 
Association. Among those present 
was Sir Richard Gregory, former 
editor of Nature. 


ee 








Dowsing 


THE most unusual topic dealt with at a 
Geology sectional meeting was that of 
dowsing and the use of the divining rod, 
a practice that reached England from 
Germany via France. Queen Elizabeth 
used diviners in connexion with the tin 
mines of Cornwall. P. A. Ongley, a 
New Zealand scientist, described to the 
geologists the results of tests he made in 
his own country, where diviners are very 
active and regarded with almost super- 
stilious awe in some regions, to investi- 
gate the diviners’ reliability. Seventy-five 
diviners of all ages, from 5 to 88 years, and 
all occupations—“"good practical men a 


lot of them were,” commented Mr. 
Ongley—were tested to divine various 
things, from water to human ailments. 


In general a diviner was tested on what he 
claimed he could do, care being taken to 
see that the test methods were both fair 
to the diviner and capable of giving 
statistically reliable results. 

In one test the diviner diagnosed that a 
man was suffering from varicose veins in 
his left leg, and was completely discom- 


W. HASLETT 


fited when the man rolled up his trousers tg 
reveal a wooden leg. 

Mr. Ongley’s verdict on the results of 
his experiments was: “Where it was 
possible to calculate what the diviner 
could guess, he scored just that; in the 
other cases the results were so ludicroys 
as not to need statistical examination, 
In no type of divination did any diviner 
show any sign of reliability.” 

But dowsing was not without jts 
defender. Mr. Charles Pogson, who de. 
clared himself as a vice-president of the 
Society of Dowsers and an ex-official. 
dowser to the Bombay Government, 
criticised Mr. Ongley’s tests as having 
been purely laboratory tests. He quoted 
one case in which he had succeeded where 
geologists had failed to locate water. 

In the discussion Professor A. E. 
Trueman made the point that in the war 
during the search for water in the Middle 
East deserts the geologist had been twice 
as successful as water diviners. 


1949 Meeting at Newcastle 


Next year’s meeting will be held in 
Newcastle-upon-Tyne between August 3] 
and September 7; the following year the 
British Association will go to Birmingham, 
and in 1951 the members will assemble in 
Edinburgh. Owing to the dollar situation 
the Association has had to decide against 
going to Canada in 1950 as was originally 
proposed. 

* x on 


We had room in this special supplement 
to summarise only a few of the two 
hundred papers that were delivered. One 
important paper is omitted entirely be- 
cause we have insufficient space to publish 
it in full while no summary could do 
justice to its style and content; this was 
Sir Lawrence Bragg’s presidential address 
to the Physics section on recent advances 
in X-ray crystallography. (Interested 
readers are referred to the British Asso- 
ciation’s Journal, whose autumn number 
published this month contains all the pre- 
sidential addresses delivered at Brighton.) 


and MAURICE GOLDSMITH. 








Albatross Deep Sea Expedition 


* 


Exclusive pictures by Dr. JOHN ERIKSSON 
with an account of the expedition by PROF. 
HANS PETTERSSON will be published in our 
November issue. 


* 


ORDER YOUR COPY ' NOW! 


If you find any difficulty in buying Discovery please write to the Publishers. 
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special protection is given to it. Ben Vorlich 
(not the one west of Loch Lomond) ts still a 
good deer forest and ts the nearest one to 
Glasgow and Edinburgh. Black game may 
be found in the birch woods. The Alpine 
flora of the Stobinian group is well varied. 

Good roads surround this proposed Park, 
although secondary roads and circular routes 
within it are few. New walking and cycling 
tracks would be necessary. Several youth 
hostels exist and there are many hotels on 
the outskirts. It should be emphasised that 
the first value of this Park will be as a place 
for healthful recreation. Wild-life conser- 
vation will come second, though there is no 
reason why the species which are now there 
should not persist. Furthermore, there 
would be small nature reserves within the 
Park. 

2. Glen Affric-Glen Cannich—-Strath Far- 
rar. It is possible that it was one of the 
futile hopes of the Scottish Survey Com- 
mittee that by setting this area second on the 
list, hydro-electric development would be prevented. The 
scenery in these glens is of the very finest of the kind which 
is associated with the drier conditions east of the water- 
shed of Drum Albyn. The battle for these glens against 
hydro-electric development has been fought and won in 
the past, but the new Board has won pretty well without a 
struggle. The Survey Committee and others may congratu- 
late themselves that they caused a considerable modifica- 
tion of the original plan, which itself was a much less 
ambitious and less spoliating project than the one which 
was beaten in Parliament. As it is, Loch Affric will remain 
untouched, Loch Bena’ Mheadain will be enlarged and one- 
and-a-half miles of the superb River Affric will be lost. 
According to the lovely water-colour sketches commis- 
sioned by the Board, the power house at Fasnakyle ts 
going to do its best to creep underground, and Cannich 
will become a village of charm. The dam itself will be 
inconspicuous. 

It should also be said here that the North of Scotland 
Hydro-Electric Board will undertake expensive works at 
this scheme to bring about the passage of salmon, and that 
throughout the Highland area the Board will foster all 
forms of fresh-water biological research and the experi- 
mental work on improvement of trout fishing. The Secre- 
tary of State for Scotland recently announced the estab- 
lishment of a Brown Trout Research Scheme with head- 
quarters at Pitlochry. The North of Scotland Board is 
co-operating handsomely in money and material, and the 
Board’s waters in the district will be the experimental 
grounds. As far as Affric is concerned, we may regret that 
the area has been touched at all, but yet feel that the best 
solution has been found to a difficult situation. It remains 
for nature lovers and the existing Scottish Wild-Life 
Conservation Committee to keep an eye on the beautiful 
natural pine woods in the Affric, Cannich and Strath Farrar 
region, and not allow them to be felled for fuel for the 
extensive camps which are now sprawled about the glen. 
Unfortunately, neither the public nor the Committee have 
any power to restrain. 

The scenery of high hills (Mam Soul, 3862 feet, Carn 
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The Treshnish Isles are also breeding-grounds for the Atlantic 
Seal. This seal mother was photographed as she fondled her 
calf after feeding it. (Photograph by the author.) 


Eige, 3827 feet), stretches of true old pine forest with its 
associated flora, and spectacular river gorges and rapids is 
unique in Scotland and rather like Canadian conditions. 
The area has been the cream of the deer forest country in 
the past and the slopes are brighter with heather (Cal/una) 
and blaeberry ( Vaccinium) than in the wetter country farther 
west. As one walks through the Cannich or Affric water- 
shed to Kintail, where the rainfall is nearly 100 inches a 
year, the heather almost disappears and the hills become 
green with sedges and Nardus. Wild cats are common 
throughout the area of this Park, and there is a good stock 
of ptarmigan on the hill-tops. The deer-forest era protected 
the eagles, there are still alpine or blue hares on the eastern 
side and roe deer are common in the wooded areas. The 
whole region must be looked upon as of special value to 
ourselves and posterity. It behoves the Hydro-Electric 
Board to achieve the standard their water-colour artist 
has set them. 

3. Ben Nevis—Glen Coe—Black Mount. This is a vast 
compact stretch of bare Highland country, one of Scot- 
land’s bald spots one might say, for it was not always as 
bare as now. Scotland’s highest hill, 4406 feet, is in this 
region though biologically Ben Nevis is not very interesting. 
There are other peaks around 4000 feet and many spec- 
tacular ones, such as the Glen Coe hills, well over 3000 feet. 
Geologists will still find room for research in the igneous 
complexes stretching from Glen Coe to Ben Nevis. The 
Moor of Rannoch is also within the region: this dreary, 
glaciated and deforested expanse of wet moor lying at 
almost 1000 feet has a charm of its own. The young man 
seeking adventure can exercise his wits as well as his body 
in crossing the moor or living on it for a few days. 
Botanists have not yet fully explored it, but entomologi- 
cally Rannoch Moor is known to be rich. The remains of 
the old pine forests which preceded the sheep-farming 
era are still to be seen, dead in the bogs and alive by Loch 
Tulla and near the railway from Tyndrum to Roy Bridge. 
The whole region is big country of exceptional challenge 
and beloved of walkers and climbers. Black Mount has 
been a deer forest since time immemorial, and historically 
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the region is full of interest. Much of the six hundred 
square miles is already in public ownership, by the National 
Trust, the Forestry Commission and the Department of 
Agriculture for Scotland. Furthermore, communications 
make the region ideal for a National Park. Railways 
bound the south and east sides and reappear on the west, 
leaving only 15 miles to the NW. without rail facilities. 
The wonderful Black Mount-Glen Coe road runs right 
through the middle of the Park. Hotels already have a 
tradition of catering for climbers and walkers and there 
are youth hostels. 

4. The Cairngorms. This region of 4000-foot plateaux 
and steep giens is the nearest approach we have in Britain 
to Arctic-Alpine continental conditions. It is well inland 
and therefore little influenced by Atlantic mildness, and it 
is moderately dry. There are areas of natural pine wood- 
land at the foot of the massif, as at Rothiemurchus and on 
the east side in Mar. Within these woods the distinctive 
Scottish crested tit and Scottish crossbill breed. The 
Arctic-Alpine plateaux are one of the few breeding-grounds 
of the dotterel in this country and they are of exceptional 
interest to the botanist and entomologist. The pink granite 
makes for good and safe climbing, but the region as a whole 
is not to be trifled with by adventurous walkers. One may 
get wet, cold and hungry if stuck in the middle of Rannoch 
Moor in a mist, but in the Cairngorms death from freezing 
or inundation by snow may well occur in May. Properly 
tackled and with good personal equipment, there are 
intriguing biological problems to be solved on these high, 
peat-free plateaux. 

Access to the Cairngorm region is in the main poor. 
From all sides there is a good trek before the high hills are 
reached. The establishment of a National Park will call 
for especial care by all concerned to prevent fire in the 
natural and planted woods on the fringe. Proprietors in 
the region are at present nervous, with good reason, in this 
drier climate. 


Preserving Rare Plants and Animals 


5. Loch Torridon-Loch Maree—Little Loch Broom. This 
is the spectacular geological region of the Torridonian 
sandstone, interspersed with some of the still older 
Lewisian gneiss. The weathering of the Torridonian has 
left spiry peaks and immense terraces of reddish-purple 
rock. The precipices are among the greatest in the country. 
It is without doubt the most difficult terrain in the High- 
lands, some of it reducing the walker to less than one mile 
an hour, in however much of a hurry he may be. The vegeta- 
tion is incredibly poor, a fact reflected in the small size and 
poor antler development of the deer. But the great Torri- 
donian ranges from Ben Alligin to An Teallach do provide 
a fair amount of sanctuary for some of the larger forms of 
wild life, such as golden eagles, greenshanks, black-throated 
divers, pine martens, wild cats and red and roe deer. There 
are also a few small patches of the ancient forest which 
sorely need protection. Even if the State is unable on 
grounds of economy to establish this region as a Park, the 
principles of conservation should be applied as soon as 
ever legislation makes it possible to apply them. This 
remark reads oddly, in that legislation should not really 
be necessary in order to apply scientific principles of com- 
mon sense, but without legislation there are too many 
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obstacles in the way of the necessary care of wild life and 
the habitats in which they are to be found. 

This brings us to the other aspect of all this Committee 
work on National Parks, the conservation of nature 
National Parks are not enough to preserve certain species 
for posterity—for example, none of the National Park 
areas described has any coastline or islands on which the 
Atlantic grey seal breeds. There are no wild-goose ground; 
within the five areas and there are special habitats such as 
salt marsh, brackish-water lochs and machair* not repre- 
sented at all. Also, there are certain unique species such as 
the St. Kilda wren and the St. Kilda field-mouse which the 
National Parks cannot embrace in their care. Some may 
say that this kind of preservation is largely sentimental 
anyway and is not such an important matter as National 
Parks. This is to take a very limited view indeed of what is 
implied by the term nature conservation, which really 
means the care of the very planet by methods of understand- 
ing and wisdom so that it shall not become a complete 
desert under our feet. The world’s deserts are increasing 
fast and so is the world’s human population which is as 
destructive as the goat and the rabbit. The Highlands and 
Islands of Scotland are too often looked upon as a wild, 
untouched part of the country, whereas the truth shouldbe 
more apparent that they are one of the world’s devastated 
areas. Throughout Scotland practices are being followed 
at the present time which are impoverishing the country 
of species which are potential economic assets or are of 
indirect economic significance. Habitats are also being 
destroyed which cannot be replaced. Repercussions on 
agriculture, forestry and pastoralism—and human exis- 
tence generally—may be profound. Methods of conserva- 
tion are being forged through observational studies and 
inductive reasoning, but the ecologist himself is perhaps the 
only man who realises the scantiness of his knowledge and 
how difficult it has been to gather what few data he has. 
The almost literal truth is that he has had to nip into a 
habitat to study its interrelations just before someone came 
along to remove it altogether. He is the sort of man who 
has been thought to be in the way if he was in the field 
any other time but Saturday afternoons and Sundays, 
and natural history anyway has been nothing more im- 
portant than a week-end hobby. Those days are over. 
Government bodies such as the Agricultural Research 
Council and the Development Commission have recog: 
nised the immediate application of scientific natural history 
to practical affairs and there is no doubt that any Govern- 
ment in Britain today is going to favour fundamental 
research into conservation methods. To this end, the 
Scottish Wild-Life Conservation Committee has endorsed 
entirely the findings and recommendations of the English 
Committee, that certain nature reserves should be estab- 
lished purely for research purposes, areas which offer 
special facilities for the solution of particular problems 
and which can remain untouched so that the ecologist can 
work out aconnected story. Fortunately, Scotland has 
large tracts of land of low economic value which it would 
not strain the nation’s resources to acquire and use for 
research. Conservation, as has been said, is a much wider 
term than preservation; it implies management. That is 
what this class of reserve should provide, techniques of 


* Machair is the Gaelic name for ‘calcareous natural grassland 
overlying shell sand which has blown in from the Atlantic Ocean. 
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management of land and of the plant and animal popula- 
tions thereon. ‘ 

There would also be the type of nature reserve, usually 
smaller than the foregoing, designed to ensure the persis- 
tence of certain species and associations of species. Scotland 
would obviously wish to make reserves of some of her 
small islands where creatures of the ocean gather for 
breeding. These animals include the Atlantic seal, Leach’s 
fork-tailed petrel, the auk tribe and the gannet. Land 
reserves would be necessary at certain points to protect 
such species as the pine marten, the golden eagle, the Scot- 
tish crested tit and the dotterel, and for plants such as the 
rarer alpines, but in the botanical field it is the habitat or 
association of plants which generally needs protection and 
management, such as the old oak and pine woods, and when 
the habitat is preserved so are the animals which are 
associated with it. No list of locations can be given here 
because the Committee intends shortly to issue a second 
Report giving details of these. 

It has also been recommended that there should be small 
local nature reserves for educational purposes, usually near 
to large or small centres of population, and there will be 
conservation areas in which it is hoped that the status quo 
will be maintained without undue development. Within 
a conservation area life would go on pretty much as it does 
at present, though practices endangering the particular 
values of the area would be discouraged. 

The implementation of a policy designed to conserve 
nature in Britain will call for scientific manpower. The 
English Committee’s big Report (Cmd. 7122) puts forward 
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in great detail the proposal for a Biological Service.* The 
Scottish Committee has endorsed this, and both Reports 
give examples of the urgent need for such a service and of 
the practical problems it would tackle. Examples of these 
economic problems in which a Biological Service would 
be expected to help by scientific research are forest ecology, 
freshwater fisheries (both matters of prime importance in 
Scotland), water supply and drainage, and the control of 
certain animals which control in the scientific sense can 
come only from a full knowledge of their life histories 
and biotic inter-relationships. This Service would be 
unified to cover Britain as a whole, for wild life observes 
no political boundaries. When the Government does in 
fact establish a Biological or Conservation Service, there 
will be difficulty in finding sufficient trained men, and 
possibly men with the attitude of mind. One is reminded 
of the story of Darwin and the young men who were demon- 
Strating their biological researches to him. Be2ing a great 
man, he was humble before their deep knowledge of minu- 
tiae of which he was ignorant; he confessed his admiration, 
‘But damn it,” he said, “‘there’s not a naturalist in the 
whole lot of you!” We need naturalists today in this 
great work that awaits us, who, like Darwin, can appre- 
ciate and use the wonderful findings of the specialists. 


* April 29 will be a red-letter day for naturalists, because it was 
announced in the House of Commons on that evening that a 
Biological Service would be established under the aegis of the 
Agricultural Research Council. This is a welcome, if belated, 
recognition in Britain that field biology is important in everyday 
life. 


The World is his Laboratory 
by RITCHIE CALDER 


IN a foreign capital, I had to intervene to avert an inter- 
national incident over Orr’s Eyebrow. Orr was three 
thousand miles away; the conference had nothing to do with 
the Food and Agriculture Organisation of which he was then 
Director-General; and, of the five nationalities involved, 
three of the disputants had met him only once, the fourth 
had seen him only in the film ‘‘The World is Rich” and the 
fifth, myself, had for years watched that eyebrow as 
Cautiously as an engine-driver watches his signals. The 
dispute was over which eyebrow he raises! 

The incident is mentionable only because it shows the 
lasting impression which even a passing acquaintance with 
Orr can make on people. But the impression he makes 
must be due to something more than that totem-carved face 
and Easter Island eyebrows or even that uncompromising 
Scots voice which an American radio-producer described 
as ‘cosmic’ (‘Cosmic’ he defined as ““A microphone voice 
and manner which makes everybody, everywhere, say 
‘That's what I feel’ or‘ That’s what I believe, too.’ ’’) These 
are not the only qualifications which turn a practical farmer 
into the successful Director-General of a United Nations 
Organisation or a laboratory-scientist into a world states- 
man. 

There are some who pretend to forget his scientific dis- 
tinction. I have heard an eminent, but envious, colleague 


say “Orr isn’t a scientist; he’s a promoter.’’ To which the 
best answer is the citation on which Dr. John Boyd Orr was 
elected a Fellow of the Royal Society in 1932, when his 
sponsors included two Nobel-Winners, Sir Frederick 
Gowland Hopkins and Prof. J, J. R. MacLeod: 

‘‘He has carried out researches into protein metabolism 
and respiration, on the energy balance of the body and on 
the influence of vitamins and mineral constituents on nor- 
mal metabolism and diseased conditions. He has produced 
authoritative work on the agricultural aspects, especially 
on the effect of the mineral condition of pastures on the 
herbivorae.”’ 

This was supported by over thirty original papers and 
Orr added ‘F.R.S.’ to the list of letters after his name— 
D.S.O., M.C. (twice), M.A., M.D., D.Sc.—each of which 
is a clue to his character. 

The M.A., for instance, is the clue to the evangelist in 
him. Orr was the son of a ‘Bonnet Laird,’ or small land- 
owner, of Kilmaurs, in Ayrshire. His ancestors had been 
Covenanters who had defied the King and his dragoons 
and had taken to the hills in defence of their religious con- 
victions. The tradition of Biblical authority and indepen- 
dence of worship persisted in his father, who belonged to 
the ‘Wee Free Kirk,’ a schism sect within the Presbyterian 
Church. He was a lay theologian whose ambition was to 
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see his eldest son a preacher. To that end, John went to 
Glasgow University to prepare for a divinity course of 
which the M.A. and a book The History of the Scotch 
Church Crisis of 1904 are the vestigial remains. He became 
involved in the Darwinian controversies at the University 
and took a zoology course to find what it was all about. 
That excursion convinced him that he might be a good 
biologist but that he could never be a good preacher. He 
decided to become a doctor. 

To earn his way through the course he ‘traded’ his M.A. 
for a post as teacher in an Ayrshire school and then, with 
the wherewithal, returned to Glasgow and took his M.D. 
His contemporaries are agreed that he could have been 
a brilliant medical practitioner. His thesis earned him the 
laureate of the medical faculty—the Bellahouston Medal— 
for the outstanding graduate of his time, but he had 
already discarded the idea of medical practice. 

His experience in the Glasgow hospitals and in the slum 
homes had turned his attention to malnutrition. It was not 
difficult to find clinical material in Glasgow where rickets 
and deficiency diseases rated higher than almost any other 
place in the world, but he did not want the evidence but 
the answers. He went into research which was to add the 
D.Sc. to the list. 

Just before the outbreak of the first World War, he ac- 
cepted the offer from Aberdeen University of a post in 
animal nutrition research. It was worth £380 a year and his 
original laboratory was a slum-cellar. That was the begin- 
ning of the Rowett Research Institute, that now-impres- 
sive township of research, of which he was to be the first 
director. That, however, was to be deferred until he had 
added the D.S.O. and double M.C. to the list.of letters, and 
had provided a fresh clue to the qualities which made hima 
world figure. This was his citation for the D.S.O. in 1917: 

‘He worked unceasingly for forty-eight hours without 
an aid post, and under an almost continuous barrage, 
attending the wounded of three units of his brigade. He 
found time to visit the front line twice and attended to 
numerous cases under machine-gun and shell-fire. Al- 
though twice buried and rendered unconscious for two or 
three hours, he remained on duty till his brigade was re- 
lieved, displaying devotion and personal courage which 
were worthy of the highest praise. His gallant conduct 
has been brought to notice on more than one occasion 
by officers commanding units to whose wounded he had 
to attend.” 

When he was demobilised, he rejected gilded offers of 
appointments to go back to that still-modest post at Aber- 
deen and to make The Rowett a world-centre for research 
in animal nutrition. One of the outstanding researches of 
the next ten years was the inquiry into the exhaustion of the 
pastures in Kenya. To the plant and animal investigators 
Orr added two doctors, and the resulting study of the end- 
results of soil-deficiencies and dietary habits of the Masai 
and Kikuyu tribes is one of the classics of nutrition liter- 
ature. For the Masai, the warrior tribe, is carnivorous, 
meat-eating and blood-drinking and the Kikuyu, the ser- 
vant tribe, is herbivorous, cereal-eating and milk-drinking, 
and the report was an illuminating study in social medicine 
and comparative diseases. 

But Orr realised that it was not necessary to go to 
Darkest Africa to study the mass results of malnutrition. 
He turned his attention to Darkest Scotland and carried 
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out feeding experiments among the diet-deficient children 
of the Lanarkshire miners. The results were unequivocal] 
but no one paid much attention. The Economic Depres. 
sion had hit the country and the authorities could not 
afford to follow up social experiments. 

Then the evangelist in Orr emerged. All these letters 
after his name began to add up. The preacher from the 
Covenanting conventicles, the doctor, who had known the 
slums, the scientist, who knew most of the answers, the 
soldier, whose “devotion and personal courage, were 
worthy of highest praise’, moved into action. Academic 
colleagues warned him against getting involved in politics 
and economics but he went ahead with the “Food, Health 
and Income Survey” of historic significance. The results 
which he first propounded from the platform of the British 
Association in 1934 were political dynamite. They showed 
that nearly half the people in the country could not, on 
their income, be guaranteed the diet necessary for health 
and one out of ten people in the country—the unemployed 
—were inescapably malnourished. Experts were called 
upon to ‘shoot down’ his figures; they succeeded only in 
confirming them. Fellow-scientists shuddered at the vul- 
garisation of science but they nevertheless joined the com- 
mittees against malnutrition which were set up throughout 
the country. Politicians denounced him for dabbling in 
politics but the Government he challenged made him a 
knight and proceeded to put him on Royal Commissions 
to do something about it. 

The impact of that survey was world-wide. The League 
of Nations set up the Mixed Commission to ‘“‘marry health 
and agriculture’. Similar surveys were begun in one 
country after another. Im America, the richest nation in 
the world, the disclosures were just as disturbing and the 
figures much the same. Elsewhere they were worse. It 
has been said that Orr’s work made Man his brother's 
keeper because the social conscience of the world was 
roused by scientific proof to the recognition that the child 
who dies in a gutter in Bengal is as great a reproach asa 
child who dies of starvation on our own doorstep; because 
Orr’s argument was two-fold: people needed food: the 
world could produce that food. 

There is no doubt that the attention which Orr’s work 
attracted prepared the ‘climate’ for the popular acceptance 
of the scientific basis of wartime rationing. And we know 
how despite apparent shortages during six years of war, 
we emerged from it a healthier nation than we entered it. 

During the war, following up the Atlantic Charter and 
Roosevelt's Four Freedoms, with the emphasis on the 
Freedom from Want, Orr found a pretext to go to the 
United States. He saw the people who mattered and helped 
to prepare the way for the Hot Springs Conference. Hot 
Springs, in turn, prepared the way for the Quebec Con- 
ference which, in October 1945, set up the first United 
Nations permanent agency—The Food and Agriculture 
Organisation—three months before UNO itself was born. 

In the meantime, Orr, in prosecution of his campaign, 
had become Independent M.P. for the Scottish Universities. 
He, who had been barred by Whitehall from attending 
Hot Springs (because he was ‘unorthodox’!), was almost 
overlooked for the Quebec Conference. At the last moment 
he was invited to go as a technical adviser. He was not a 
candidate for the post of Director-General. The British 
nominee was someone quite different. Orr made one 
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speech—Those eyebrows! That ‘cosmic 
voice '—and they elected him Director- 
General by acclamation. 

He had the attributes as leader of an 
organisation concerned with nutrition 
and farming. He was doctor, scientist 
and practical farmer (he farms his own 
land in the foothills of the Grampians) 
but one should not overlook that M.A. 
and the story behind it; he was also 
an uncompromising evangelist. And he 
made no attempt, in accepting the post, 
to disguise his disappointment at the 
charter which he was to implement. 

F.A.O. was to be concerned with 
nutrition, agriculture, fisheries, forestry 
and rural economy but it was to be a 
fact-finding and advisory body, putting 
its findings before Governments which 
could chose to ignore them. “‘The people 
are crying out for bread,” said Orr, 
bitterly, ‘“‘and we are to give them 
pamphlets.’’ He wanted an organisation 
with executive powers, above and be- 
yond the chicanery of international 
politics. 

In January 1946, the United Nations Assembly met. Its 
two main preoccupations were the atomic bomb and 
impending famine. It passed a resolution calling for steps 
to be taken to avert that famine. By whom? Orr, sitting, 
as it were, on the packing-cases of his infant organisation 
in Washington, cabled immediately offering to call a 
Famine Conference. Practical politicians said he was 
crazy; his new organisation could not cope; it would be 
disregarded and be disowned by failure. When the Famine 
Conference met in May, instead of the ten consumer- 
producer nations invited, twenty-three turned up and, con- 
fronted by the facts amassed and sifted by Orr’s experts 
into the first comprehensive picture of the world’s food 
shortages and resources, they acted. There is no question 
that Orr’s intervention, and the measures proposed by 
that conference, averted a catastrophic famine. 

The Conference did something more—it demanded that 
a permanent organisation be established which would 
prevent a famine situation from recurring. That, of course, 
was what Orr wanted and he went ahead and produced his 
proposals for a World Food Board. This Board was to 
go into the world food trade, to buy and dispose of sur- 
pluses and thus guarantee farmers a stable price for their 
produce and encourage them to go ahead and produce the 
abundance, which, between the wars, would have ruined 
them: it was to establish ‘Joseph’s Granaries’, famine 
reserves disposed regionally so that the harvests of the fat 
years could be ready to redress the shortages of the lean 
years; and it was to dispose of gluts, which had been burned 
in unregenerate days, by making them available at cut- 
prices to countries which would use food for the organised 
raising of the nutritional standards of their people. 

The nations endorsed Orr’s principles but when it was 
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After two and a half years as first Director General of The Food and Agriculture 
Organisation, Sir John Orr has retired. This picture recalls the early days of 
F.A.O. Along with Orr are Clinton P. Anderson, U.S. Secretary of Agriculture 
(/eft) and the late F. La Guardia, then head of the United Nations Relief and 
Rehabilitation Administration. 


referred to a preparatory commission to work out the 
details, the best he got was a World Food Council. Instead 
of the Board, with its supra-national powers and indepen- 
dent finances, he was given an inter-governmenial council 
under which nations agreed to fair distribution of sur- 
pluses and to build up reserves which would be held by 
producer countries at their own expense. It was better 
than the existing position but far short of the scheme which 
Orr believes events will yet force upon the world and which 
would have made F.A.O. the Ministry of Food of a World 
Government. 

Sir John Boyd Orr retired from F.A.O. after two and a 
half years of chasing round the world without respite, 
burning himself up in the fires of his own convictions and 
pitting himself against the stockade of world politics. He 
returned to his patrician farm and hobnailed boots, as well 
as to accumulated honours. Glasgow University had made 
him simultaneously Lord Rector and Chancellor, some- 
thing which has never happened before, for the Lord 
Rector is elected by the students and the Chancellor by the 
Senate and graduates. He chose to be Chancellor. Ex- 
perience has not discouraged him; he realised that in 
aiming at a World Food Board, he was setting his sights 
high and that the Council was the best he could achieve 
at present and he can take pride in the achievements of 
F.A.O. under his direction, 

But his job is not yet finished. He is still fighting for the 
World Food Board, but he has raised a fresh challenge 
the menace of over-population and soil-exhaustion. Again 
he has marshalled his facts and proposes the answers—if 
Statesmen will listen. 

Sir John Boyd Orr is a new type of statesman, a scientist 
who made the world his laboratory. 
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1. Liverpool's *Lightless Lighthouse’ commands unrestricted view of 

Mersey to Princess Land Stage and whole of Liverpool Bay. Control 

room on lett. 2. View of the Gladstone Dock Site. Pile driver laying 

the Lighthouse’s foundations in bottom left-hand corner. 3. The great 

scanner—IS5 feet across, 2 feet deep—with the ‘bar’ or ‘slat’ reflectors 
to reduce wind resistance. 





4. Looking up the ‘Lighthouse’ tower. The wave-guide 
is in a lagged tube and is maintained free of moisture and 
at a constant temperature by a continuous air-blast 
The ladder leads to the two tons of driving mechanism 
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ON July 30, 1948, the first specially designed Port Radar Installa- 
tion in the world began working at the Gladstone Docks, Liverpool. 
The complete radar picture of the harbour that this provides will 
minimise the dislocation of shipping by fog. The great 80-foot 


concrete ‘lightless lighthouse’ is topped by a huge slotted scanner, BUOYS 
which rotates ten times a minute, and picks up a radar echo from APPROACH 
every object within twenty miles. These echoes are reproduced on the 
six PPI (Plan Position Indicator) displays in the Radar display 

SHIPS 


console. The radar control room, with display console, etc., is 
situated at the base of the ‘lighthouse’. 

Originally the installation was designed to maintain strict control 
of the position of the buoys that mark the tortuous entrance channel. 
By means of a gridded transparent chart fitting over each of the four 
large-scale displays (one such grid is shown in Fig. 6) the shifting of 
a buoy can be immediately seen and the Harbour Authority’s boat 
can, whatever the state of visibility, go out to it; by means of an 
ultra high-frequency radiotelephone, the boat can be talked into 
position so that it can replace the buoy exactly. The installation is 
designed for supervision of shipping, and nor for controlling shipping. 
But remote displays may, in the future, be installed in, say, the 
office responsible for movement control of shipping. 





showing whole harbour, 


Fig. 7. Display 1, 


guarter actual size. 


BAR LIGHTSHIP 


LIVERPOOL BAY 


~--+¢ 


\ 







.. DISPLAY2 DISPLAY 3° 
i -+., SUPERIMPOSED ON IT % 
We ieiacnntte Sn, FS TRANSPARENT GRID “+ 
age oO BEARING (BUOY POSITIONS SATO Oe 
Cg Ss feet SEEN AS WHITE CIRCLES) = 


Sr ree, 





NEW BRIGHTON 


¢) { 


L j if 


NAUTICAL MILES 








DISPLAY 5 


Fig. 6, VIEWER SEES ON THE FOUR FIXED PPI DISPLAYS § (Pictures by Sperry Gyroscope Co., Led. 
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Fic. 1.—The toadstool, Russula ochroleuca, Fr. Its 
mechanism of spore discharge is shown in Figs. 3 and 4. 





Spore Guns 


AND OTHER DISPERSAL MECHANISMS 
OF FUNGI 


by 
Professor C. T. INGOLD, D.Sc. 





To the old herbalists fungi were excrementa terrae—mere 
by-products of organic decay, and it was not until the intro- 
duction of the miscroscope in the seventeenth century that 
the conception of the spontaneous generation of these 
organisms was seriously challenged. The first thorough 
microscopic study of fungi was made by the great Tuscan 
botanist Micheli, who published the results of his work 
in his Nova Plantarum Genera in 1729. Micheli found 
microscopic seeds (spores) in all the fungi he looked at, and 
proved by experiment that they could reproduce their like. 

The history of the study of spore dispersal starts with 
Micheli. Since his time many botanists, some attracted by 
the beauty of the mechanisms concerned and some by the 
economic importance of the problem, have added greatly 
to our knowledge, and special mention must be made of the 
work of the late Prof. A. H. R. Buller. In the six volumes 
of his beautiful and most readable Researches on Fungi, 
published between 1909 and 1934, spore dispersal is the 
dominant theme, and he has contributed to the study of 
the mechanisms of spore discharge more than any other 
single worker. 

Fungi are peculiar organisms. They resemble 
green plants in being stationary and in having 
their protoplasm contained within cell-walls, 
but physiologically they are as different as they 
can be. Lacking chlorophyll they are unable 
to photosynthesise their own organic food from 
carbon dioxide and water, and so are forced 
to live either as saprophytes on dead organic 
matter or as parasites on other living organisms. 
Thus, physiologically, they are more akin to 
animals. It has become traditional for fungi to 
be studied by botanists and to be considered as 
plants, but there is no substantial evidence to 
suggest that they have been derived from simple 
green plants (algae) following the loss of chloro- 
phyll, and it would probably be more reasonable 
to recognise three kingdoms of living organisms: 
the Vegetable Kingdom, the Animal Kingdom 
and the Kingdom of Fungi. 

The vegetative part—the feeding part—of a 
fungus consists of colourless threads ramifying 
throughout the nutrient substratum. What is 
usually seen—the really conspicuous part— 
is the fruiting structure, the spore-producing 








apparatus. The visible part of a patch of the blue 
mould, Penicillium, so common on decaying fruit, damp 
leather, and other substrata, is nothing but a forest of 
microscopic spore-producing structures (conidiophores), 
and a toadstool is solely an elaborate apparatus concerned 
with the production and liberation of spores. 

The dispersal of spores is an essential episode in the life 
of a fungus and most of the beauty of structure en- 
countered in such full measure amongst fungi is associated 
with spore production and liberation. 

Fungi are predominantly land organisms and most are 
spread by airborne spores, but even amongst the terres- 
trial species there are a number in which the spores are 
dispersed by insects, by the larger animals or by splashing 
rain. 

There are normally two episodes in the dispersal of a 
spore; spore liberation—the freeing of the spore from 
immediate contact with the parent tissue—and the actual 
transport to its final destination. In many fungi spore 
liberation is a passive process. This is so, for example, in 
the ubiquitous blue moulds (Penicillium spp., Fig. 2) or in 
the grey mould (Botrytis cinerea) where the dry 
powdery spores borne on erect aerial branch 
systems (conidiophores) are detachable by gentle 
winds. It is equally true of the rust fungi, so 
important as parasites of cereals. The uredo- 
spores produced in enormous numbers on the 
surfaces of the leaves and haulms are easily 
detached from their little stalks and blown 
away. Dr. E. C. Stakman, who has done s0 
much towards an understanding of rust ep 
demics in North America, writes: ‘Clouds 
of ‘rust dust’ can often be seen rising in the aif 
when heavily rusted wheat is being harvested, 
and machines, men and the soil are often red 
with countless numbers of spores.” 

However, in a great many fungi spore dis- 
charge is a violent process, the spores being 
discharged by specialised spore guns. In all 
the toadstools and bracket fungi, which con- 
stitute the majority of the larger fungi of our 
woods and fields, the spores are violently dis- 
charged. 


FiG. 2.—Penicillium. A conidiophore with 
chains of dry spores. 
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A toadstool is an apparatus beautifully adjusted in con- 
nexion with its function of spore liberation. Let us con- 
sider a specific example, -Russula ochroleuca, (Fig. 1) a 
fungus with a smooth yellow cap, white gills and a stout 
white stalk (stipe), one of the commonest of our woodland 
species. The downward-projecting lamellae or gills are 
covered with the spore-producing surface or Aymenium. 
Details of this may be seen when a thin vertical section of 
the cap is examined under the microscope, Fig. 4. The 
hymenium consists of specialised spore guns or basidia in 
various stages of development interspersed with packing 
cells which are sterile. 

The basidium, Figs. 3-4, is a living cell with four little 
projections (sterigmata) each bearing a single spore (basidio- 
spore). When ripe the basidiospores are shot horizontally 
to a distance of 0-1—0-2 mm. into the space between neigh- 
bouring gills, the four spores being discharged in succession 
with an interval of about a minute between the liberation 
of each. Following discharge the spores fall vertically in 
the spaces between the gills, finally emerging into the free 
air beneath the cap. They may then be borne away by quite 
gentle breezes. From a fair-sized toadstool spores rain 
down steadily at the rate of about half a million a minute 
and this discharge is maintained for the whole period— 
two days or more—of spore liberation. If a toadstool is 
gathered, its stalk removed and the cap placed on a sheet 
of glass, a visible spore-print is obtained in a few hours, 
which consists of sharply defined lines of spores converging 
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on the centre, each line corresponding to the space be- 
tween two gills. 

To appreciate the delicate apparatus of spore liberation 
it is important to realise that the basidiospores are sticky 
and if, after liberation, a spore touches the surface of a gill 
there is no chance of its dispersal. It is clear, therefore, 
that if spore liberation is to be successful the gills must be 
vertical. If the gills were slightly tilted, a discharged spore 
would fall either back on to the surface from which it had 
been discharged or on to that of the opposite gill. The 
vertical arrangement of the gills is achieved by a series of 
growth movements in response to the stimulus of gravity. 
The stipe is negatively geotropic; that is, it grows directly 
away from the stimulus, thus giving a rough vertical 
orientation to the gills which hang down on the underside 
of the cap. But there is also a fine adjustment. Each 
individual gill is positively geotropic, and if the fruit-body 
is tilted slightly so that the gills are no longer quite vertical, 
each undergoes growth adjustments until it is once more in 
a vertical plane. 

If such an apparatus is to work efficiently it must be 
rigid, and here we approach an understanding of the 
exceptionally stout stalk of a toadstool, which not only 
provides a space between the cap and the ground so that 
the falling spores may be caught up and carried away by 
air currents, but also gives the necessary rigidity to the 
fruit-body so that it does not sway in the wind. 

It is to be noted that the range (0-1—0-2 mm.) of the 
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spore gun is beautifully adjusted. If the spores were shot to 
a greater distance (say 1-0 mm.) they would strike the 
surface of the opposite gill and be wasted. 

A few words must be said about the mechanism of the 
basidium as a spore gun. How are the spores discharged? 
The true answer is that we are not quite sure. It would be 
too long a story to discuss this interesting question in 
detail, but it seems most likely that the mechanism of 
discharge is essentially the same as in another but very 
simple fungus, Delacroixia coronata (Figs. 5 and 6). 
This somewhat uncommon micro-fungus, which grows on 
a number of natural substrata, including living aphids, is 
easily grown in pure culture on nutrient jelly. There is a 
branched mycelium which ramifies in the substratum, and 
short simple erect branches (conidiophores) project into the 
air. At the end of each is a single rather large spore. Each 
conidiophore is a turgid living cell and its tip projects some- 
what into the spore which itself is highly turgid. Because 
of the hydrostatic pressure within, the ripe spore is tending 
all the time to change its shape and assume a more stable 
condition. Strains are set up between the spore and its 
stalk, which are suddenly relieved, and the spore bounces off 
from its conidiophore to a distance of several centimetres. 
Probably the spores of the basidium are discharged in the 
same manner, but the range of the basidium gun is much 
smaller. 

In the large bracket-fungi, so frequently to be seen on 
trees, the general mechanism of spore-liberation is essen- 
tially the same as in toadstools, but the hymenium lines 
downward-projecting tubes instead of covering gills. 
Perhaps the most striking example is Ganoderma applana- 
tum, Fig. 7, so commonly to be found growing on the 
trunks of broad-leaved trees (e.g. beech, ash) and forming 
a semi-circular bracket often 2 feet in diameter. So strong 
and firmly attached is the fungus that a man can stand on 
it without breaking or dislodging it. On the underside are 
very fine vertical tubes about 0-015 cm. in diameter and 
2-3 cm. long, each lined by an hymenium of basidia and 
sterile cells. In the fungus the sterile tissue of the cap is 
diageotropic and the tubes are positively geotropic. The 
extreme narrowness of the tubes is associated with the 
extreme rigidity of the fruit-body. The diameter of the 
tubes is very little greater than the distance to which the 
spores are discharged, but very little margin of safety is 
required on account of the rigidity of the bracket. In 
other bracket fungi such as Polyporus squamosus, a large 
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Fic. 5 (left)—Delacroixia. Photomicrograph of 

single conidiophore with terminal spore. FIG. 6 
(right).—How the spore gun of this fungus works. 
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species commonly growing on the trunks of living elm, the 
tubes are much wider and this is associated with the fact 
that the fruit-body is very much less rigid. 

There are other special points of interest about Gano. 
derma applanatum. Unlike most fungi, in which the fruit. 
body lasts a few days or at most a few months, the bracket 
is a perennial structure. At the end of each season the 
layer of hymenial tubes is sealed over by a thin layer of 
sterile tissue, from which in the following year a new set of 
tubes develops. Thus in an old specimen there are built 
up horizontal layers of tubes and when it is cut vertically 
its age can readily be determined by counting the layers, 
Another feature of this fungus is that spore discharge is 
continuous throughout the summer. Discharge begins in 
April and lasts until October, and during that period spore- 
liberation goes on all the time, a fair-sized specimen dis- 
charging 20,000,000 spores a minute. This gives as the 
annual production of spores the astronomical figure of 
about 5,000,000,000,000. The individual spores are much 
too small to be seen by the unaided eye, but if the sun is 
shining the rust-coloured clouds of spores escaping 
steadily from the under surface of the bracket can easily 
be observed. 

The basidium as a spore-gun can operate only when 
it has an adequate supply of water and is_ turgid, 
and most toadstools are produced in the autumn when 
conditions are damp. Ganoderma is exceptional in dis 
charging its spores throughout the summer and in main- 
taining discharge during the dryest of dry weather. It 
must clearly derive its water supply from the breakdown 
of the tissue of the tree trunk in which the feeding mycelium 
ramifies. 

Toadstools and bracket-fungi belong to the great group 
called Basidiomycetes, characterised by the basidium. The 
Ascomycetes are another and even larger group distin- 
guished by a completely different type of spore gun, the 
ascus, Fig. 9. The ascus is a turgid cylindrical living cell, 
usually much elongated and mostly containing eight 
spores (called ascospores). When ripe its apex ruptures 
and the elastic wall contracts, squirting the eight spores 
to a distance of several centimetres. 

Some of the Ascomycetes are relatively large fleshy 
fungi with extensive exposed hymenia. The bigger cup- 
fungi (e.g. Peziza) will be familiar to many readers, while 
the morel (Morchella esculenta), Fig. 10, is frequently to 
be seen in this country. In these fungi, spore discharge |! 
almost on as grand a scale as in toadstools. The hymenium 
consists of millions of closely packed and parallel asci, 
interspersed with fine packing filaments, all arranged 
more or less at right angles to the general hymenial sur- 
face. In a cup-fungus (e.g. Peziza) discharge is not such 
a steady and continuous process as it is in toadstools. 
During periods when the fruit-body is still and undis- 
turbed, thousands of asci reach a superstretched condition 
of unstable equilibrium. If such a specimen is disturbed 
by touch or even by breathing on it, these asci explode 
Simultaneously with a hissing sound, sending into the 
air a visible cloud of spores which drift away like smoke. 
This ‘puffing’ was observed and figured by Micheli in 
1729. 

The cup-fungi, the morel and their allies (Discomycetes) 
have extensive exposed spore-producing surfaces which 
allow of the simultaneous discharge of thousands 0! 
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asci, but in another great division of Ascomycetes, the 
Pyrenomycetes or flask fungi, there is a completely different 
State of affairs. In these fungi the asci are contained within 
a minute flask or perithecium. Discharge is illustrated in 
Fig. 12. One ascus elongates up the neck canal and, when 
its tip reaches the outside, it bursts, scattering its spores, 
the empty ascus envelope retracting into the perithecium. 
Then another ascus elongates and so on in orderly succes- 
sion. Puffing is clearly impossible. 

In the flask fungi the perithecium is less than | mm. high. 
It may be solitary or a large number may be grouped 
together embedded in the surface layer of a solid mass of 
fungal tissue known as a stroma. One of the most out- 
Standing of these stromatal types is Daldinia concentrica 
(Fig. 11), very commonly to be seen on the trunks and limbs 
of dead ash trees. The stroma, about the shape and size 
of half an apple, is black and very hard. Embedded in the 
surface layer, Fig. 8, are thousands of little perithecia 
each opening to the outside by a narrow neck canal. In 
this fungus discharge is mainly nocturnal and the spores 
are shot to a distance of 1-5 cm. In the middle of the night 
from a stroma of average size the rate of spore discharge 
may reach half a million a minute. This organism agrees 
with Ganoderma in liberating its spores during the summer 
months, and again discharge is independent of external 
water, for the stromatal tissue acts as a reservoir supplying 


the perithecia with the water necessary for continued spore 


discharge. 

In toadstools, bracket-fungi, pezizas, morels and most 
of the flask fungi the actual dispersal of the liberated 
spores is by wind. However, in one ecological group of 
the fungi herbivorous animals play an essential role in 
dispersal. These are the fungi which develop on the 

















Fic. 13 (/eft).—This diagram illustrates the structural differences 

between Mucor (left) and Pilobolus (rigbt.) 
Fic. 14 (right)—This photomicrograph of Pilobolus shows terminal 
sporangium and sporangiophore covered with droplets of exuded water. 
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excreta of herbivores. If the dung of horse, cow or rabbit 
is collected fresh and kept moist under a bell-jar, there 
develops a whole succession of minute but extremely 
beautiful fungi. Space does not permit a full description 
of these lovely organisms, but let it be noted that in all of 
them the story of dispersal is essentially the same. In the 
first stage the spores are dispersed from the dung to the 
Surrounding grass. In the second the grass is eaten by the 
animal and the associated spores pass uninjured through 
the alimentary canal to germinate in the dung. Some of the 
more specialised members of this fungus flora have rela. 
tively powerful spore-guns and two, Ascobolus and Pilo. 
bolus, may be selected for special mention. 

One of the most abundant species of Ascobolus is 4 
immersus, Fig. 16, which usually appears on horse dung 
about ten days after collection. It is an extremely minute 
cup-fungus just visible under a lens. Most cup-fungi (e.g 
Peziza spp.) have hymenia containing millions of asci, 
but in A. immersus the number is much reduced and 
normally less than ten ripe asci are present, but these are 
relatively large and each contains eight beautiful violet 
spores. A special feature of Ascobolus is that the ripe 
asci project considerably beyond the level of the sterile 
packing filaments. These asci are positively phototropic 
and so point towards the incident light. Within the 
ascus each spore is surrounded by a broad mucilaginous 
sheath so that the spores adhere to form a single sticky 
mass. Each ascus is a turgid cell which finally bursts 
squirting the spore-mass to a distance of 50-60 cm. This 
should be compared with the 2—3 cm. to which ascospores 
are uSually discharged. Not only do the spores stick 
together, but they are exceptionally large. For any given 
‘muzzle velocity’ the distance to which a microscopic 
projectile is shot is directly proportional to 
the square of its diameter, the all-important 
factor being air resistance. The greater range 
in Ascobolus is due not to greater muzzle 
velocity but to the larger size of the projectile. 
Because of the great range of the spore-gun in 
Ascobolus, the spores are shot on to the grass 
around the dung and there they stay firmly 
cemented by the associated mucilage ready 
for the animal to play its part in dispersal by 
eating the grass. 

Pilobolus, Figs. 13, 14, is a genus peculiar 
© to the dung of herbivores. Several species 
" appear with great regularity, forming minia- 
“+ ture forests on the dung three to four days 
after it has been deposited. The commonest 
> is P. Kleinii. Pilobolus is a member of the 
~. Mucoraceae or pin-moulds to which Mucor 
and Rhizopus belong. In all other members 
of the family spore-liberation is passive, 
but in Pilobolus a powerful spore-gun has 
developed. In moulds of the Mucoraceae 
the spores are contained within a spherical 
spore-capsule (sporangium) seated at the end 
of an erect stalk (sporangiophore). In Pilo- 
bolus the structure is essentially like that 
of Mucor, Fig. 13, but the sporangiophore 
(about 0-5 cm. high) is a greatly inflated, 
turgid cell scattered over the surface of 
which are drops of exuded water. When 
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mature this cell bursts, discharging 
the apical sporangium to a distance 
of a metre or more. The sporan- 
giophores are positively photo- 
tropic (i.e. they grow towards light) 
and so, as in Ascobolus, the sticky 
spore-masses tend to be shot on 
to the surrounding herbage. 

Nearly all the examples of long- 
range spore-guns occur amongst 
the members of the dung flora, but 
mention must be made of Sphaero- 
bolus, Fig. 15, which, with its cata- 
pult mechanism, far outranges all 
other fungal guns. This common 
fungus, (although sometimes copro- 
philous) is, in Britain, usually found 
on rotting wood. Systematically it 
belongs to the Gasteromycetes, 
which also includes puff-balls and 
stink-horns. The fruit-bodies are 
gregarious and each is 1-2 mm. in 
diameter. The ripe fungus consists 
of two little cups of turgid tissue 
one inside the other, each with a 
toothed rim and in contact only at 
the tips of the teeth. Lying loosely 
within the inner cup is a small 
plastic spore-mass about the size of 
a lead shot. Turgor strains are set 
up in the tissue of the inner cup, 
and this suddenly turns inside out 
catapulting the spore-mass to a distance of 5-6 metres. 

In view of the importance of insects in the dispersal of 
pollen grains, it is not surprising to find them also dis- 
persing fungal spores. However, there are relatively few 
fungi in which insect dispersal habitually occurs. Amongst 
larger fungi the outstanding example is the stink-horn 
(Phallus impudicus), so abundant in woods from June to 
October. In this a spongy stalk (12-18 cm. high), arising 
from an egg-like volva, bears a conical cap covered by a 
dark blackish-green slime with an odour of bad drains 
that can be smelt many yards away. The slime consists of 
millions of very minute spores suspended in a sugary 
matrix. Flies, especially bluebottles and greenbottles, are 
attracted from far and wide, greedily devour the slime, and 
the spores, which are voided uninjured often at some 
distance from the fungus, are thus dispersed. Again 
amongst fungi pathogenic to higher plants a number are 
normally spread by insects. This is so in the anther smut 
smut (Ustilago vivlacea) of campions, in which the 
infected plants produce purplish-black smut spores in 
place of pollen grains in the anthers, and these spores are 
distributed by pollinating insects. 

In a brief article on such a large subject it is impossible 
to deal with all the interesting problems which arise. Two 
of the outstanding questions should, however, be stated, 
namely: (a) what is the biological necessity for the gigantic 
spore production in so many fungi? and (4) how far are 
spores normally dispersed? These two problems are 
probably intimately connected. Consider, for example, a 
specimen of the bracket-fungus Ganoderma applanatum 
liberating millions of spores a minute. In spite of its huge 
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Fic. 15 (left).—Sphaerobolus outranges all other fungal guns, the spore- 
mass being catapulted five or six metres. 
Fic. 16 (right).—Fruit-body of Ascobolus growing on horse dung. The 
spere-mass from one ascus is seen in flight. 


spore production the number of spores falling in the course 
of a day on a square metre of ground a mile away may be 
very small indeed. There is an extremely steep decrease 
in spore concentration on receding from the source of 
liberation. In plant diseases spread by airborne spores, 
the plant pathologist is especially concerned to know how 
close to an infected plant or crop it is reasonably safe to 
grow other susceptible plants, and it is often surprising 
how short this distance is. Infection by airborne spores 
emanating from a ‘point source’ seems rarely to occur at a 
distance of more than a mile. There are, however, examples 
of long-range infection especially in the cereal rusts, and 
very good evidence is available for the view that the first 
infection of the wheat in western Canada by the black 
stem rust (Pucccinia graminis) in June is often due to 
spores caught up and carried northward from the infected 
fields of the Mississippi valley hundreds of miles to the 
south. Here, however, the source of infection is certainly 
not a point, but may be an area of rusted wheat thousands 
of square miles in extent. In the past few years the problem 
of the wind dispersal of fungal spores has become of 
increasing interest to plant pathologists, and recently Dr. P. 
H. Gregory of Rothamsted has discussed the problem 
from the fundamental and practical points of view and 
has applied to it the eddy diffusion theories of modern 
meteorology. READING LIST 
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FRIEDWALD’S REPLY TO THE THREE PROFESSORS 





Atomic Scientists 
and Atomic Politics 


THERE IS no gainsaying the fact that the 
idea of an atomic alliance excluding Russia 
does not appeal to the majority of scien- 
tists. At least such seems to be the con- 
clusion to be drawn from the enunciations 
of groups of scientists, and from the 
comments of individual scientists which 
have appeared in DiscoverRY’s columns 
in the last two months. This reluctance is 
only natural. For the attitude of the 
scientist is inevitably a rational one, 
whereas politics is anything but rational, 
particularly in the sphere of international 
relations. 

Professor Urey is characteristically the 
scientist when he says that to solve a large 
problem it is necessary to go back to 
fundamentals, and to succeed or fail by 
facing them, no matter how stubborn or 
difficult that may appear to be. This is 
exactly how the scientist approaches a 
problem in his own field. But he is 
tempted to overlook the essential differ- 
ence between scientific and _ political 
problems. In science it is the fundamentals 
that are most difficult to ascertain, but 
once they have been established the rest is 
a matter of patience and routine. In 
politics it is easy enough to ascertain the 
fundamentals; the main difficulty arises 
when these fundamentals have to be 
translated into terms of practical applica- 
tion. 

Any man of goodwill can see that the 
only rational answer to the threat of atom 
bombs and weapons of global destruc- 
tion is world government. But to those 
who have a sense of what is and what is 
not politically feasible it is equally appar- 
ent that world government cannot be had 
for the asking, that it cannot be brought 
into existence overnight or even in a few 
years, that to ask righteously for too 
much from political man is to court the 
risk of getting nothing at all. 

Professor Urey contends that the 
Baruch proposals, even had they been 
adopted in full, would not have made a 
workable scheme. If this contention is 
taken to mean that the proposed Atomic 
Development Authority could not have 
prevented an atomic war if a Power or a 
group of Powers had been bent on it, it 
is certainly valid. But to belittle the 
Baruch proposals on these grounds is to 
ignore the immense political benefits 
which the scheme would have conferred 
on the world. For by providing a warning 
signal, it would have given all nations a 
reasonable assurance against a sudden and 
overwhelming atomic blow. In _ other 
words, it would have averted the unbear- 
able political tension which is bound to 
follow the dawn of A-Day when every 
Great Power will have to be constantly 
on the alert for a sudden attack, and 
constantly prepared for instant retallia- 
tion. And it is this tension which, more 


than anything else, is likely to precipitate 
an atomic war. If the Baruch plan had 
succeeded in doing no more than dispel- 
ling this tension, it would by that alone 
have made an outstanding contribution 
to the preservation of peace. But the 
great political wisdom of the Baruch plan 
—and the Lilienthal proposals from which 
it sprang—lay in that, while it coped with 
the short-term problem of preventing an 


atomic armament race, it at the same time 


provided a nucleus around which world 


government could gradually be built— 


not overnight as idealists would have it, 
but in the course of decades and perhaps 


generations as exacerbated nationalism 


would allow it. To dismiss such an 


endeavour because it falls short of the 
ideal is to display a lack of understanding 


of what is and what is not practicable in 
the sphere of international relations. 

Professor Urey seems, however, to 
recognise, implicitly if not explicitly, the 
necessity for an atomic alliance without 
Russia. For though he apparently con- 
demns such an alliance on the ground that 
it might lead to war, he advocates at the 
Same time what might be called a “‘five- 
sixths-world government’, i.e. a world 
government excluding the Russian bloc. 
But it is clear that such a government 
would have to fulfil the primary function 
of any government, namely, to insure its 
territories against outside aggression. And 
as the only possible answer to scientific 
warfare is retaliation, it would still have to 
produce the maximum amount of the 
most advanced scientific weapons and 
distribute them strategically so as to dis- 
courage any outsider from resorting to 
aggression. In other words, this “‘five- 
sixths-world government” would not be 
very different basically from the proposed 
atomic alliance—except that it might be 
infinitely more difficult of realisation. 

The same “fundamentalist” approach 
characterises Professor Oliphant’s attitude. 
To him the only solution lies in the elimi- 
nation of war itself by so great a degree 
of internationalisation and political uni- 
fication as would virtually amount to 
world government. Butin view of Russia’s 
inflexible opposition—quite apart from 
the obvious reluctance of other nations 
to submerge themselves at one plunge 
into a fully-fledged world government 
this line of argument does not lead very 
far. 

As for the contention that an atomic 
authority excluding Russia would acquire 
such inflexibility of organisation as to 
retard development of atomic energy in 
the West and thereby bring about the 
loss of atomic supremacy to the East, 
it is, to say the least, completely unsup- 
ported either by argument or by fact. On 
the contrary, 


the American organisation which very 


there is the precedent of 


efficiently produced the atomic bomb and 
which continues to develop atomic 
energy no less efficiently. Naturaily, an 
atomic authority could be so conceived as 
to have all the stultifying effects of red 
tape —if, for instance, it were to be merely 
an international authority subject to all 
the limitations and frustrations of inter- 
national assemblies. But it could also be 
made into a deadly efficient body —if jt 
were to be a truly supra-national authority 
invested with all the attributes necessary 
for fulfilling its purpose. In fact, if the 
only argument against an atomic control 


scheme without Russia were the danger of 


inefficiency, there would be little cause for 
alarm—particularly in view of the dead- 
ening effects of the Soviet system on 
Russian science. 

But there is another, and apparently 
much more weighty, argument: Professor 
Mott expresses it by asking whether it is 
not likely that an atomic alliance of the 
West would provoke Russia into occupy- 
ing the whole of the Continent as far as 
the Channel and the Pyrenees, and attack- 
ing Britain from Calais with long-range 
weapons. 

It would be foolish not to recognise 
that such a possibility undoubtedly exists: 
but it would be even more foolish not to 
realise the full implications of this possi- 
bility. For if Russia were really prepared 
to go to war rather than see the estab- 
lishment of some sort of atomic order and 
the consequent recovery of Western 
Europe, it would be clear beyond doubt 
what her ultimate objects are. It would 
also be obvious that such a war could 
not have been avoided but only post- 
poned. But if this were the case, it would 
be far more advantageous to the West 
that this war should take place while the 
West still holds the monopoly, or at least 
a clear superiority, over the East in the 
atomic field. In fact, Professor Mott's 
argument, far from detracting from the 
merits of an atomic alliance without 
Russia, makes out the strongest possible 
case for it. 

All in all, the scientific approach to the 
political problem of the atom has as yet 
hardly proved helpful. Allthat the Atomic 
Scientists’ Association found it worth 
while to say on the subject was to state the 
rather obvious fact that a scheme without 
Russia would not be the same thing as 
one with Russia, and that, above all, it 
would do nothing to eliminate secrecy in 
scientific and technical matters——as though 
on this secrecy hung the fate of the world. 
The A.S.A.’s formula for the solution of 
the atomic problem is the promotion of 
measures designed to make war less likely 
and the reaching of a settlement between 
Fast and West! But then hardly anyone 
—except perhaps some scientists —needed 
to be told that. E. M. FRIEDWALD. 
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Far and Near 








Where Breathing is Controlled 

THE discovery of the brain centres con- 
trolling breathing and circulation in man 
is announced by Dr. A. B. Baker, profes- 
sor of neurology, Medical School, Uni- 
versity of Minnesota. This follows two 
years study of the medulla sections of 
83 fatal cases of polio (infantile paralysis) 
in the 1946 epidemics in that state. 

Both centres are located in the middle 
part of the medulla, the centre for circu- 
lation being nearer the middle and that for 
respiration being in a line with that for 
circulation about midway between the 
inner and outer edge of each half of the 
medulla. 

Lesions were found in the same place 
in the patients who died with circulatory 
symptoms, and similarly, lesions were 
found in the same place with patients who 
died with respiratory symptoms. Earlier 
work with cats had indicated the location 
of these centres within the medulla, 
although the exact spots had not been 
found. 

Significance of the discovery lies in 
creating lesions in monkeys and finding 
means of keeping them alive by mech- 
anical or therapeutic means. If successful, 
then this may be done in man: and 
this opens up the possibility of keeping 
alive those suffering from injuries to, or 
tumours on, this part of the brain. 


Canada offers 64 Unesco Fellowships 


SCIENTISTS and technicians will be among 
the recipients of 64 fellowships offered by 
the Canadian Council for Reconstruction 
through Unesco. This fellowship pro- 
gramme, to cost $182,000, will permit 
advanced study in Canada for six months. 

Countries to which the fellowships are 
being offered include: Czechoslovakia, 
Denmark, Netherlands, Norway, Philip- 
pines, Belgium, China, France, Greece, 
Italy, Luxemburg, Poland and British 
colonial possessions devastated by the 
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Unesco has awarded 124 scholarships 
and study-grants so far this year to 
further the international exchange of 
persons, and to hasten the reconstruction 
of scientific, educational and artistic 
institutions wrecked during the war. 


C. African Scientific Liaison Officer 


Mr. R. McCHLERY has come to London 
as Central African Scientific Liaison 
Officer in the United Kingdom. He ts 
establishing a Central African Scientific 
Liaison Office in the British Common- 
wealth of Nations Scientific Offices, 
London. Representation in this London 
scientific liaison centre, which is situated 
in Africa House, Kingsway, will give 
Southern Rhodesia, Northern Rhodesia 
and Nyasaland direct access to the 
important sources of research information 
in the United Kingdom and throughout 
the Commonwealth. 


What: Intellectual Co-operation can 
Achieve . 


* MAIN points of scientific interest which 


were brought out at the World Congress 
of Intellectuals, held at Wroclaw in W. 
Poland at the end of August were: 

(1) Scientists all over the world should 
be able to obtain more information about 
the genetics controversy in Russia, so 
that a better appreciation could be made 
of what was at stake. 

(2) All over the world there is diversion 
of scientific effort to military ends. How 
can ‘intellectuals’ help to bring this diver- 
sion to an end? 

In a vague resolution, which dodged 
the issue of what are the real causes of 
war, the Congress voiced a_ protest 
against the use of science for destruction. 
Eight British delegates dissociated them- 
selves from the resolution 

The British delegation to the Congress 
numbered 42 and included the following: 
Prof. J. D. Bernal, Ritchie Calder, E. J. 
Carter, Edward Crankshaw, J. G. Crow- 
ther, Prof. J. B. S. Haldane, Dr.. Julian 
Huxley, Roy Innes, (General Secretary, 
Association of Scientific Workers), Prof. 
Hyman Levy, John Lewis (editor, Modern 
Quarterly), Kingsley Martin, Sir John 
Boyd Orr, Prof. L. Rosenfield, Prof. Denis 
Saurat, Olaf Stapledon, R. L. Synge, 
A. J. P. Taylor, Prof. C. H. Waddington, 
Dr. W. A. Wooster and Dr. Nora Wooster. 

The communist scientists from Russia 
were far outnumbered by those from 
Britain, and indeed the only one listed in 
the official programme was Academician 
Palladin. 

Finally, the Congress elected an Inter- 
national Committee to continue its work, 
the British representatives being Louis 
Golding and J. G. Crowther, Secretary 
General of the World Federation of 
Scientific Workers. 

After the Congress was over Dr. Huxley 


The bathyscaphe in which Prof. Auguste 

Piccard and Prof. Max Cosyns hope to 

descend to a depth of two-and-a-half 
miles in the Gulf of Guinea. 





One of the asia iacieaeaiiiies from 
the Royal Photographic Society's exhi- 


bition, which is open from October 9 
to 30. This picture by Philip O. Gravelle 
shows crystals of pimelic acid and benzo- 
phenone under polarised light; magnift- 
cation is 60 times. 


issued a personal statement from Unesco 
headquarters. referring to the negligible 
mention made at the Congress of “‘the 
United Nations or to the possibility of 
cultural, scientific and technical collabora- 
tion made possible through the UN 
specialised agencies, such as Unesco, 
FAO and WHO.” He also expressed 
regret that the opportunity was not taken 
at this gathering of scientists, writers and 
artists to attempt to reconcile in the 
intellectual and cultural sphere the 
Eastern and Western points of view. 


Oxygen Enrichment speeds Steel Produc- 
tion 

STEEL that, less than a year ago, took 15 
minutes to make is now made in eight 
at a steel foundry in Leeds, thanks to the 
efforts of the industry’s scientists. Staff 
at the works concerned, co-operating with 
scientists from the British Iron and Steel 
Research Association have added extra 
oxygen to the air blast in side-blown 
Bessemer Converters to make a 50 per 
cent increase in output possible. Wear on 
the furnaces is no greater, and the high 
quality of the steel is unaffected. Fuel 
and pig iron are saved since the molten 
iron ‘charge’ can be cooler to start with, 
and can contain more scrap. All over the 
world similar efforts are being made to 
bring down to works practice the theo- 
retical advantages of oxygen enrichment, 
but this is believed to be its first use in 
regular production routine. 

W. C. Newell of B.I.S.R.A., who 
has been associated with the commercial 
scale experimentation that began a year 
ago, has commented: ‘“‘We have proved 
in production what has been known in the 
laboratory for 170 years—that oxygen 
can be used to produce higher tempera- 
tures more efficiently. Only now has the 
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time arrived for the commercial applica- 
tion of this principle. Full technical 
details of this experiment are given in 
Dr. Newell’s paper in the Journal of the 
Iron and Steel Institute (July 1948). 


Mr. A. Catton, managing director of 
the firm (Catton and Co. Ltd.), says: 
“Never before have we made a develop- 
ment which has brought such all-round 
satisfaction to the men and management. 
The steel made is, if anything, of better 
quality; it is of more consistent composi- 
tion and easier to control; it is more fluid 
and the finished castings have a better 
surface. We feel sure that the use of 
oxygen for steel-making has come to stay.”’ 


JUNIOR SCIENCE 





IF you put your left hand on the upper 
part of your right arm, and then bend your 
right arm at the elbow, you can feel the 
muscle in the front of the arm contract. 
This muscle is commonly called the 
‘biceps’, which means that it has two 
‘heads’: that is, it’s in two parts; the 
parts join together in front of the elbow 
joint but have separate endings in the 
region of the shoulder. Similarly, in 
the front of the thigh, you can feel the 
big mass of muscle thicken as you 
Straighten your leg. This muscle is the 
quadriceps femoris (to give its full name), 
and it has four parts. 

The muscles that move the limbs, of 
which I’ve given two examples, form what 
we call the lean in a joint of meat; most 
of them are roughly cylindrical, and con- 
nected at each end to a bone by means of 
a tendon at one end and directly at the 
other. I mentioned tendons in July, when 
| was talking about knee-jerks. A tendon 
is a bit of gristle that acts like a rope over 
a pulley: the muscle pulls it, and it pulls 
the bone it is attached to. This arrange- 
ment makes it possible for the pull exerted 
by muscles when they contract to be 
converted into a push movement—as 


Magnetic Filters for Diesel-Electric Loco- 
motives 


THE elimination of contaminating iron 
particles from the lubricating oil of the 
two new diesel-electric locomotives of the 
London-Midland Region of British Rail- 
ways has been entrusted to magnetic 
filters. 

Two filter units are already in use in 
the No. 10.000 locomotive now running 
daily between London and Derby. 

The flow capacity of each filter is 
1,500 gallons an hour, and the filters will 
trap iron particles down to a size of 
1/25,000th part of an inch. The removal 
of such contamination prevents oxidisa- 


Muscular Control 


The first thing is that your arm is straight: | ; 


when you punch a man on the nose or 
kick something. Look at Fig. 1. 

It is easy to study the tendons of the 
muscles that move the fingers. The 
muscles are in the forearm. Here is a 
simple experiment: let one hand hang 
down limply, with the fingers nearly 
Straight but not stiff; with the other hand 
grasp the wrist, and press as hard as you 
can on the front of the wrist. When you 
do that your fingers will curl up. Try it. 
You get that effect because, by pressing on 
the wrist, you pull on the tendons that 
connect the muscles of the front of the 
forearm to the fingers. A corresponding 
set of muscles in the back of the forearm 
straightens the fingers. You can see their 
tendons running over the back of the 
hand. You can check what I am saying 
by feeling your forearm while you 
straighten and curl up your fingers. 

All this probably sounds rather simple, 
if not obvious. But what happens when 
we move a limb is not really quite as 
simple as I have made it sound. Let us 
consider, in rather more detail, what 
happens when you pull on the hand brake 
in acar. We can take just the movement 
of the arm, and not the rest of the body. 





More Impulses 
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Fic. 1.—What happens when the knee is straight (based on 
drawing by W. H. Newton). 
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tion of the oil, thus considerably lengthey : 
ing its effective lubricating life. The filters 
are quite small, measuring only 12§ x 63% 
5Z in. 


ASLIB Pamphlet on Filing Notes 


First of a new series of pamphlets which 
ASLIB is publishing was written by Dr, 
J. E. Holmstrom, well-known expert on 
the collection and utilisation of technical 
information. It is entitled How to take, 
\keep and use notes and costs 2s. post free 
from: ASLIB, 52 Bloomsbury Street, 
London, W.C.1. 


ened as you reach for the lever. The 
muscle responsible for that is in the back 
of the upper part of the arm; it has three 
parts and of course is called the triceps, 
Then you grasp the lever with your fingers, 
making use of the muscles in the front of 
the forearm. Next, while your fingers are 
still bent, the arm has to be bent at the 
elbow. For that the triceps has to relax, 
and the biceps contract. 

All these movements have to take place 
smoothly and accurately. That of course 
is controlled by the nervous system, as I 
have described in earlier articles. The 
nervous system controls both the con- 
traction and the relaxation of your 
muscles. It is a general rule that each 
limb muscle has an opposite number that 
has the reverse effect (Fig. 1). Two 
opposite numbers are called antagonists. 
So in the arm the antagonist of the biceps 
is the triceps. When the biceps contracts 
the triceps relaxes, but not suddenly: it 
relaxes gradually (within the short space 
of time during which movement of the 
arm takes place). The same applies to 
the biceps when the triceps contracts. 
If the triceps were to contract sharply 
with the biceps completely out of action 
the elbow would not merely be straight- 
ened; it would be pulled out of joint. 
So, in the ordinary way, the nervous 
system controls the gradual relaxation of 
one muscle, while its antagonist is gradu 
ally contracting. The result is a smooth 
movement. 

Sometimes this mechanism goes wrong. 
For instance there are two antagonistic 
sets of muscles that open and close the 
jaw. In lock-jaw, or tetanus, the jaw 
cannot be opened. This is because the 
nervous system has been upset by the 
effects of the tetanus germ: when nerve 
impulses go to the muscles that open the 
mouth impulses go also to those that 
close it; so both antagonistic sets of muscle 
contract at once, instead of one contract- 
ing and the other relaxing. But the muscles 
that close the mouth are the more poweél- 
ful of the two sets. The result is, a person 
with tetanus merely closes his mouth 
more tightly when he tries to open it. 

ANTHONY BARNETT. 


Editorial Offices: 244 High Holborn, W.C.1. 
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